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Life and the Universe

Mitchell K. Hobish, Ph.D.
Consulting Synthesist

part of the 
Physics and the Universe Lecture Series

Smithsonian Campus on the Mall

July 31, 2000

Presentation Section

Point to be Made Notes Grap hic

Source

O, overhead

S, slide

I. Introduction

Presentation “boundary conditions”: lots of

material, very fast. Like life, there are places

of clear definition, and other, “squishy” places.

Lots skipped, but key points will be made.

no Q&A during, please. (none) n/a

What is Life? solicit comments from audience working de finition: Life O

How d o we reco gnize it when w e see it? solicit comments from audience re: rubber

chicken

Earth globe O

What we are go ing to discuss Life, the Universe, and Everything NASA astrobiology flow O

II. Certainty: N = 1

Terrestrial Life’s a

Continuum

energy flow, relatedness A web o f life energy flow O

phylogeny 3 domains, 5 kingdoms, common ancestor tree of life O

Characteristics of

Terrestria l Life

CHON PS, water chemistry carbon characteristics, water chara cteristics,

etc. 

CHON PS, energy O

energetics and entropy life “milks” entropy )G=)H-T)S O

chirality - phenomenological discussion hands and gloves O
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chirality - molecular discussion organic syntheses are usually racemic -

explain, with implications for living systems

carvone O

simple carb ohydrates: su gars - I simple CH2O structure, c hirality monosaccharides O

simple carbohydrates: sugars - II emphasize linkage, “polymerization” disaccharides O

complex carbohydrates different polymerization linkages starch, cellulose , chitin O

ribose vs. deoxyribose difference in reactions, structures ribose/deoxyribose O

sugar components of other molecules base, sugar, phosphate groups; energy

repository and polymer precursor

ATP O

polymerization of nucleotides polymerization rxns.; double-stranded

molecule generated

antiparallel DNA strands O

in-solution state of DNA double h elix stick DNA backbone O

DNA  replication - I double helix - new view ribbon DNA backbone/bases S

DNA replication - II structural implications for replication ribbon DNA replication S

genetic information storage “function” of DNA - genetic blueprint genetic code O

amino acids - basic structure commo nality of basic struc ture; chirality amino acid structure O

amino acids - chemistry and structure side chains giv e different beh aviors in

polymers (proteins)

amino acid structures O

protein synthe sis transfer of gene tic info from linea r DNA  to

linear prote in; discuss DN A, RNA , Rb, prote in

transcription, translation O

protein structure - conceptual side chains drive different configurations of

polymer

1°, 2°, 3°, 4° structure O

protein struc ture - simple same protein, x5 rhinovirus capsid pentamer O

protein structure - more complex symmetry on two axes; metab olic catalyst

(enzyme)

triosephosphate isome rase O

protein structure - complex extreme complexity, and this is just a piece of

the action. Note prosthetic groups. Energy

transduction.

photosynthetic rxn center O
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cellular organization basic characteristic of terrestrial life.

Distinguish between eu- and prokaryotes

cell/membrane distribution O

membra nes - I another “simple” molecule that has significant

impact when aggregated, although not

polymerized.

phospholipids O

membranes - II Note leaflet bilayer, integration of proteins.

Implication s for segregatio n of cell conte nts

from the env ironment.

leaflet bilayer, structure O

Evolution  and Dive rsity natural selection, environmental fitness, etc. define terms; discuss causes, effects; discuss

extinction eve nts (bolides, C H4 bur ps, etc.)

Working Definition: Life 

(reprise)

 O

Life in Extreme

Environm ents - I

extremes of pH, salinity, temperature,

pressure, radiation

not just bacteria, but complex organisms, too. (none) n/a

Life is a Biosphere communities, ecologies, and biospherics communities, NDVI O

One D ata Point Isn ’t a

Trend –or Is It?

Principle o f Medio crity or are we special?

set up for cosmochemistry, other planets, etc.

Harris cartoon - ( “No better

there...”)

S

III. Probability: Np ý 1

timeline show “origin ” of life on timeline , relative to

other well-known events.

timeline, with seq uential overla ys O

Cosmo chemistry - I “we’re all mad e of star stuff” set up flow of material from stars to living

entities.

element formation in stars O

molecular cloud chemistry “cosmochemistry is organic (carbon)

chemistry”

ISM tab le O

interstellar chemistry - PAHs PAH s very comm on (up to 2 0%(? ) of galactic

carbon), easily hydrolyzed to form precursors

of sugars, nucleic acid bases, etc.

PAHs S

nebular condensation recap earlier speakers’ info, just for context nebular condensation S

accretion into  planetesima ls recap earlier speakers’ info, just for context accretion into  planetesima ls S
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bombardment recap, ditto, but emphasize  influx of materials,

esp. volatiles and organics

bombardment S

primitive Ea rth - ONE  possibility this is but one model of primitive earth. Others

think it more dry and sterile, but still and open

question.

steaming cauldron S

Prebiotic Chemistry Miller-Urey experiment - rationale, setup, etc. actual flask of the kind used by Miller Koba yashi photo S

Miller-Urey experiment - description, findings energy sour ce, atmosp here, ocea n, etc.;

glycine, other p recursor p roducts. N ote

caveats, esp. re: reducing atmosphere

assumption.

flask schema tic S

adenine condensation from HCN “big acorns from little acorns grow” - a model

for abiogenic synthesis of biological

precursors

Oro synthe sis O

Protobiology proteinoid  microsph eres - catalytic activity,

etc.

“easy” to “build” “cells”. Note new aerosol

model cf. memb ranes.

microspheres S

RNA world? DNA world? Protein world? Which  came first? N o one kno ws...still!

Origins of Life blue-green a lgae fossils early cellular forms; isotopic fractionation

shows earlier (~3.8Ga) evidence.

“Embar rassing little 700  million year gap .”

blue-green a lgae fossils S

Shark Bay, Australia stromatolites first “communities”, show laminar structure;

~3.2-2.5Ga

stromatolites S

Cambrian explosion, development of

eukaryotes

after O2 made its way into the atmosphere,

things really took  off...

diversity of species S

IV. Possibility: Np > 1

Search for ET Life and

Intelligence

Drake Equation and modifications three flavors o f factor: astrono mical,

biological, sociological. W ill really discuss

only the astronomical, with just a flavor of

biological. Fill in loose numbers prn.

Drake Equation O
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Life in Extreme

Environments - II

Moon - bacteria! (well, from Earth) Streptococcus samples were returned from

Surveyor after 3 years exposed to space on a

communications circuit board.

(none) n/a

Venus - no t likely! Not a problem of pressure (only(!) 92 bar), but

more of temperature (>800 °F)

(none) n/a

meteorites different types, including carbonaceous

chondrites - “high” organic presence,

including pr otein and no n-protein am ino acids. 

Note L-chirality, cf. racemic syntheses.

Antarctic field S

ALH84001 Martian origin, left Mars ~6Ma, arrived here

~13Ka, on ice sheet. Lots of controversy re:

“fossils,” magnetite, PAHs, other “evidence”

for life.

bacterial “foss il” S

natural “bacterial” shapes abiogenic  processe s can genera te

morphologies that mimic living systems

concrete “bacteria” O

Mars - Viking lander 2 landers, sites chosen for landing safety, not

for suitability for finding life forms (more

sophisticated now). Set up biology package

discussion.

Viking cartoon S

Mars - V iking experim ents Three experiments, Terra-o-centric. Equivocal

results for labele d release ex periment (G il

Levin). Most conclude there’s no life and few

organics, owing to extreme UV exposure.

biology pa ckage sche matic S

cryptoendoliths But what about IN  the rocks? Discuss

cryptoendoliths here on E arth - dry deserts,

etc.

cryptoendoliths O

nanobes And what abou t subsurface Mars?  Discuss

nanobe charac teristics, controversies.

nanobes O

Martian possibilities - Dollis Vallis, dry looks like a b ig “wash” or riv er basin Dollis Vallis, dry O

Martian possibilities - Dollis Vallis, wet if only it were this easy! Dollis Vallis, wet (marina, dam) O
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Martian p ossibilities - recent d ata strong(er) possibilities for recent (current?)

liquid water

crater w/rivulets O

compare w/Earth -clear difference! but look how easy it is on Earth! MOD IS image O

Mars - Sojourner mineralogical mission. New follow-ons (2003)

are more of the same, but higher resolution,

and more instruments. Geology and water.

Sojourn er photo S

Europa as a possibility - description surface cracks lead to speculations about

subsurface liquid (slushy?) water

photograph S

Europa as a possibility - how and why how it might b e, what’s being  explored  to

investigate these possibilities.

Europa cutaway O

hydrothermal vents - description OOL possibilities here on Earth; mebbe the

same on Europa?

black smoker O

hydrothermal vent biology odd biology, extreme environmental

conditions . Discuss wo rms’ structure cf.

bacterial guts, etc.

tube worms O

Titan as a possibility - how and why “industrial” haze - early Earth analog?

“Natural” Miller experimental setup.

Titan atmospheric haze S

Cosmochemistry - II interstellar chemistry - reminder recap and reminder ISM molecules O

comets volatiles and organics, mebbe water? photo S

Extrasolar  Planets Where found? Star-forming regions where should we look for planets? Near (or in)

regions where stars are forming, as planets are

thought to form around  stars.

Eagle neb ula S

Existence? evidence of planetary disks, etc. gaseous p illars/Eagle S

protopla nets accretion disks - reprise proplyd S

Detection technique(s) discuss Doppler shift technique Doppler shift cartoon S

Detection techniques show exam ple - real data 51Peg  data S

Detection techniques - Occultation discuss light curve technique occultation “example” O
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Detection techniques - Interferometry discuss formation flying and ground-based

interferometry to provide larger virtual

apertures for higher resolution.

nulling interferometry O

Results to-da te Mostly Jupiter-type and -size plane ts,

sometimes close to primary. Recent discovery

of Saturn-sized planet. Comment on need for

higher resolution sensors or other detection

strategies, including biosignatures.

Extrasolar  Planets O

Planned Searches and

Missions

EM spectrum emphasize small portion of spectrum we “see”

and how remote sensors can help us expand

our vision.

EM spectrum O

Microwave (radio) and Optical (visible)

searches for intelligence (SETI)

SETI is another search strategy, emphasizing

radio waves and, more recently, optical

wavelengths. No joy, but gotta keep trying.

SETI  serach results

Harris cartoon - II (if time)

O

S

Mission profiles Discuss (cu rsorily) mission p lans, types of da ta

to be obtained, techniques to be used. Other

countries are  collabora ting or origina ting their

own missions.

Mission planning (NASA) O

Terrestrial Planet Finder (as example) Mission plans, characteristics, data to be

obtained.

TPF O

It’s a Big Backyard Lots of places to look, lots to do. M31 O

V. Issues

Planetary Protection Discuss strate gies and nee d for conta ining both

incoming samples and  outgoing probes.

(none) n/a

Terraforming turning uninha bitable plan ets into habitab le

ones. Bugs, water, etc. Ethical questions

abound!

(none) n/a

VI. Summary
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Summary wrap up - em phasize ch irality, water, carbo n, 

genetic code, proteins, NA, etc.

summary gr aphic O

VII. Acknowledgments

Acknow ledgments Thanks, etc. Acknow ledgments O
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Resources
Books:

Cairns-Smith, A.G., Genetic Takeover and the Mineral Origins of Life, Cambridge University Press,
Cambridge 1982

An heretical (and fascinating) look at life’s origins, proposing that the first information-bearing
(and replicating) entities on Earth were mineral-based clays.

Dyson, Freeman, Origins of Life (2nd Edition), Cambridge University Press, 1999
Short, at times terse, review of origins of life research, with an interesting (and testable)
hypothesis.

Feinberg, Gerald, and Robert Shapiro, Life Beyond Earth: The Intelligent Earthling’s Guide to Life in
the Universe, William Morrow and Company, Inc., New York, 1980

An excellent (and at times heretical) look at what life is, what it does, and where it may be
found.

Koerner, David, and Simon LeVay, Here Be Dragons: The Scientific Quest for Extraterrestrial Life,
Oxford University Press 2000

An odd admixture of pedantry and personality, but a good review nonetheless of the current
state of astrobiology.

Kutter, G. Siegfried, The Universe and Life: Origins and Evolution, Jones and Bartlett Publishers, Inc.,
Boston, 1987

Well-thought-out and documented presentation of physics, cosmology and biology. Given its
publication year, it’s certainly dated, but don’t let that stop you from looking this one over.

Mayr, Ernst, This Is Biology: The Science of the Living World, The Belknap Press of Harvard University
Press, Cambridge, MA 1997

A wonderful tour of science, the scientific approach, and biology by one of the Grand Old Men
of the field.

Schneider, Stephen H., and Randi Londer, The Coevolution of Climate and Life, Sierra Club Books, San
Francisco 1984

Another oldie-but-a-goodie, covering Earth’s climate history, causes of climate change, and
climate and human affairs.

On the Web:

Astrobiology is coming of age on the Web, with many sites that provide in-depth information. But by far
the best “clearinghouse” and entry point is Keith Cowing’s Astrobiology Web, found at:

http://www.astrobiology.com

It’s well indexed and comprehensive.  You can get just about everywhere from there.


