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The Evolutionary History of Life

geologic time scale: a division of Earth’s history
into eons, eras, periods, and epochs defined by
major geological or biological events
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Defining Life

Aln fact, when we considerwhat life really is, and
how living systems can be distinguished from
nonliving ones, the ability to store and transmit
Information (genotype)and the abllity to express
tdhat information (phenotype) are perhaps the
most important criteria that set life apart from
nonlife.

ABesidesthe ability to evolveis a crucialcomponent
of anydefinition of life.
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Origin of Life ????

Aln 2004 a poliovirus was synthesizedin lab using simple
chemicals Thisvirus was capableof replicatingits genomeand
couldinfectlivingcells

eate Virus
Chem.\Ca\S

AAlthough virusesare not cells, they show some similarities to
living thingsand may be similarto someof the earliestforms of
life.
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Origin of Life ??7?

AWhat conditionson Earthbillions of yearsagocould haveallowed
for the creationof the first livingthing?

A What additional steps would be necessaryto get cells from
simplechemicals?



Early Thoughts About the Origin of Life

A Spontaneousgenerationis the conceptthat living things arise
from nonliving material Aristotle (384¢322 b.c.) proposedthis
concept and it was widely accepted until the seventeenth
century

APeoplebelievedthat maggotsarose from decayingmeat, mice
developedfrom wheat stored in dark, damp places lice formed
from sweat andfrogsoriginatedfrom dampmud.



Early Thoughts About the Origin of Life

AIn 1668 FrancescoRedi, an Italian physician, performed an
experiment that challenged the concept of spontaneous
generation

ARediconcludedthat the maggotsarosefrom the eggsof the flies
(biogenesis)not from spontaneougyenerationin the meat

Experimental
group
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Early Thoughts About the Origin of Life

2 days later

Sterile
broth

Experimental

Spallanzani’s Experiment

2 days later

(ermented
broth

Spallanzani boiled a meat and vegetable broth and placed this
mixture into clean flasks. He sealed one and put it in boiling water.
As a control, he subjected another flask to the same conditions,
except he left it open. Within 2 days, the open flask had a
population of microorganisms. Spallanzani maintained that this
demonstrated that spontaneous generation did not occur and that
something from the air wasyresposisitdefor thegoowthian the broth.
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Early Thoughts About the Origin of Life

Pasteur’s Experiment

Louis Pasteur conducted an experiment designed to test the idea
that a “vital element” (oxygen) from the air was necessary to
produce life. He boiled a mixture of sugar and yeast in swan-neck
flasks that allowed oxygen, but not airborne organisms, to enter
them. He left some flasks intact (the experimental group) and broke
the neck off others (the control group). Within 2 days, there was
growth in the flasks that had their swan necks removed but none in
the intact flasks. Thus, Pasteur concluded that it was not oxygen in
the air that caused growth in the flasks but that the growth resulted
from living things, which entered the flask when the swan neck was
broken off. This supported the concept of biogenesis and argued
against the concept of spontaneous generation.

Fermentable
solution J,

A,

Control Experimental
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Current Thinking About the Origin of Life

Ait is clearthat currentlivingthingsare the resultof biogenesis

ABut that does not answerthe question of how the first living
thing developed

AThereare manydifferent hypothesesthat have somesupporting
evidence

AAn Extraterrestrial Origin for Life on Earth: Earlyin the 1900s,
Swedish scientist Svante Arrhenius popularized the idea of
panspermia Panspermiais the conceptthat life arose outside
Earthandthat livingthingswere transportedto Earthto seedthe
planetwith life.

AlIn 1996 a meteorite found in Antarcticageneratedexcitement
aboutthe possibilityof life on other planets Its chemicalmakeup
suggestedt hadbeena portion of the planetMarsthat had been
ejectedfrom that planetasa resultof a collisionwith anasteroid
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Current Thinking About the Origin of Life

A An ExtraterrestrialOriginfor Life on Earth:

A Analysisof the meteorite showed the presence of complex
organic molecules and tiny, microscopic objects that were
thoughtto be ancientmicroorganismsWhile scientistsno longer
think these objectsare microorganismsr were formed by living
things, many still think conditionson Mars may have been able
to supportlife in the past

A Evidencefrom Mars and Beyond The robotic vehicle rovers on
surfaceof marsin year 2003 by NASArevealedthat that it Is
highlylikely that in the past, liquid water existedin largeenough
guantitiesto form rivers,lakes,and perhapssaltyoceans

AAlthough none of these discoveriesproves that life exists or
existedelsewherein the universethey keepopenthe possibility
that life mayhaveoriginatedelsewhereandarrivedon Earth

by SS Nishank, Dept.of Zoology, Utkal

University 2



An Earth Origin for Life on Earth

AA popular alternative explanationfor the origin of life on Earth
focuseson chemical evolution. This hypothesis proposesthat
chemical reactions between simple, inorganic chemicals
produced complex, carboncontaining organic molecules These
organicmoleculesjn turn, combinedto form the first living cell.

A Severalpiecesof evidencesupport the idea that life could have
arisenon Earth
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Origin for Life on Eartlicvidences

1.

The temperature range on Earth allows for water to
exist as a liquid on its surface. This is important, because
water is the most common compound of living things.

. Analysis of the atmospheres of the other planets in our

solar system shows that they all lack oxygen. The oxygen
in Earth’s current atmosphere is the result of photosyn-
thesis by living organisms. Therefore, before there was
life on Earth, the atmosphere probably lacked oxygen.

. Experiments demonstrate that organic molecules can be

generated in an atmosphere that lacks oxygen.

. Because it is assumed that all of the planets have been cool-

ing off as they age, it is very likely that Earth was much
hotter in the past. The large portions of Earth’s surface that
are of volcanic origin strongly suggest a hotter past.

. The discovery of specialized Bacteria and Archaea that

live in extreme environments of high temperature, high
salinity, low pH, or the absence of oxygen suggests that
they may have been adapted to life in a world that is
very different from today’s Earth. These kinds of organ-
isms are found today in unusual locations, such as hot
springs and around thermal vents in the ocean floor, and
may retain characteristics that were essential to the first
organisms formed on the primitive Earth.
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hNAIAY 2F fAFS GKNRdAzZAK {Ff
the Origin of the Earth

AThea . AByYy:3 €

Aour universebeganas a very densemassof matter that had a
great deal of energy Thisdensemassof matter explodedin a
a 0 & B y abaut 13 billion yearsago, resultingin the formation
of simpleatoms,suchashydrogenandhelium.

AWnhen huge numbersof theseatomscollectedin one place,stars
formed. Starsconsistprimarily of hydrogenand helium atoms
Thelight from starsis the result of nuclearfusion,in which these
atomscombineto form largeratoms

AAccordingto this theory, all of the chemical elements were
formedasaresultof nuclearfusion
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hNAIAY 2F fAFS GKNRdAzZAK {Ff
the Origin of the Earth

ATheFormationof the PlanetEarth:

AMany scientists believe that Earttt along with other planets,
meteors, asteroids,and cometg was formed at least 4.6 billion
yearsago

AThe protoplanet nebular model proposesthat the solar system
was formed from a large cloud of gasesand elementsproduced
by previouslyexistingstars

AThe simplest and most abundant gaseswere hydrogen and
helium, but other, heavierelementshad beenformed by nuclear
fusionandwere presentaswell.

AA gravitational force was created by the collection of particles
within this cloud, which causedother particlesto be pulled from
the outer edgesto the center
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hNAIAY 2F fAFS GKNRdAzZAK {Ff
the Origin of the Earth

ATheFormationof the PlanetEarth:

A Asthe particlescollectedinto largerbodies,gravityincreasedand
more particleswere attracted to the bodies Ultimately, a central
body (the Sun)was formed, with severalother bodies (planets)
movingaroundit.

ALike other stars, the Sun consists primarily of hydrogen and
heliumatomsthat are beingfusedtogetherto form largeratoms,
with the releaseof largeamountsof thermonuclearenergy

AThermonucleareactionsalso occurred as the particlesbecame
concentratedto form Earth Thus,the early Earth would have
beena very hot place Geologicallythis period in the history of
Earth is called the dHadean Eoné The term Hadean means
a K S € Althaudh not as hot asthe Sun,the material of Earth
formed a molten core, which becameencasedby a thin outer
crustasit cooled by SS Nishank, Dept.of Zoology, Utka
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The Formation of Our Solar System

(a) As gravity pulled gases and other elements toward the center,
the accumulating matter resulted in the formation of the Sun. (b) In
other regions, smaller gravitational forces caused the formation of
the Sun’s planets. (¢) Finally, the solar system was formed.
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The Chemical Evolution of Life on Earth

N n B W

. Simple organic molecules must first have been formed

from inorganic molecules.

. Simple organic molecules must have combined to form

larger organic molecules, such as RNA, proteins, carbo-
hydrates, and lipids.

. A molecule must have served as genetic material.

. Genetic material must have become self-replicating.

. Some molecules must have functioned as enzymes.

. The molecules serving as genetic material and other

large organic molecules must have been collected and
segregated from their surroundings by a membrane.

. The first life-forms would have needed a way to obtain

energy from their surroundings in order to maintain
their complex structure.
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How did life originate on earth?

Stage 1: Nucleotides and amino acids were produced prior to the
existence of cells.

Stage 2: Nucleotides became polymerized to form RNA and/or
DNA, and amino acids became polymerized to form proteins.

Stage 3: Polymers became enclosed in membranes.

Stage 4: Polymers enclosed in membranes acquired cellular
properties.
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The Formation of the First
Organic Molecules
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CHEMICAL REACTIONS NEEDED TO START

A Thechemicalreactionsessentialto start life on Earthare calledredox reactions
These involve exchange of electric charge (resulting from movement of
electrons)betweenthe reactingatomsand molecules Forexample,the process
producingwater is a redox reaction First,a hydrogenmoleculeis convertedto
two hydrogennuclei (positivelychargedprotons) and two electrons(negatively

charged) H —2H*+2¢

A Secondthe two protons and two electronsare combinedwith an oxygenatom
to producewater (50, +2H"+2e —H,0).

A Here oxygen acceptsan electron becoming more negatively charged called
reduced with the chargeof hydrogenincreasedor hydrogenbecomesoxidized

(becauseit combineswith oxygen the word redox comesfrom the combined
first lettersin reducedandoxidized)

A A redox reaction involvestransfer of one or more electronsfrom an electron
donor (oxidizedXo an electronacceptor(reduced) Thistransferproducesenergy
that canthen drive biochemicalkeactionsresponsibldor life.
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Stage 1: Organic Molecules Forme

Prior to the
ALogic Conditionof

Existence of Cells

early earth was more conductiveto

spontaneougormation of organicmolecules

A1938 Russianbioc
biologist JB.S Halo
organic molecules(
earth

nemist Alexander Oparin & Scottish
aneproposed spontaneousorigin of

Known as primordial soup on early

APrebiotic synthesisof organic molecules(or synthesisof
moleculeswithout livingcell)

AAccumulationof organicmoleculeson oceanfloor/earth
surfaceformed prebiotic soup

AWhat is the mechanism?
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Hypothesis made to answer this Question

Al. Reducingatmospherehypothesis:

A Atmosphereon early earth enriched with water vapor, hydrogen
gas(H,), methane(CH), ammonia(NH;,) but lackedoxygen

AMethane & ammoniareadily give up electronsto other molecules
Suchredox reaction are required for formation of complexorganic
moleculedrom simpleinorganicmolecules

Aln 1953 American chemist Stanley Miller & Harold Urey gave
evidenceof abioticorigin of organicmoleculeg{seeFigure)

AlIn 2011, scientistisolated23 aminoacidsfrom Miller sampleleft in
1958
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