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Subject: WaterSmart Aviation, a division of WaterSmart Environmental, Inc., intends to
colonize Mars in 2020. The long trip to Mars will require less than 6 hours aboard the
Dolphin Mach 1 million interstellar aircratft.

The Dolphin Mach 1 million interstellar aircraft (please see the July 19, 2010 WaterSmart
Aviation Press Release at http://www.watersmart.com/Press Releases.html is very large
in size and payload carrying capacity. Technologies that will be included in the payload
include:

1. Producing oxygen gas through electrolysis and photosynthesis,

2. The construction of greenhouses to produce food and shelter, and

3. The routine operation of aircraft that will travel between Mars and Earth on a
twice daily basis. Those that do travel will do so courtesy of WaterSmart Avia-
tion. Several doctors and nurses are part of the crew provided.

Planet Mars has a total deficiency of oxygen and way too much carbon monoxide and
carbon dioxide. By producing and releasing oxygen gas the carbon monoxide will be
oxidized to carbon dioxide in the same manner that is already occurring on Planet
Earth.

The copious amount of carbon dioxide in the Martian atmosphere will be beneficially
used in the ongoing production of Spirulina plantesis microalgae through photosynthe-
sis. This same photosynthesis reaction has been used on Planet Earth for eons. In ad-
dition to Spirulina platensis, oxygen gas is produced that will be routinely contributed
to Martian atmosphere.

Additional oxygen will be produced through the electrolysis of water. Mars doesn’t
have any liquid water but has plenty of ice. It is believed by astronomers that Mars has
more ice than any other planet in our solar system. The gas produced by electrolysis
can be beneficially used to operate diesel engines. The diesel engines, in turn, will ope-
rate electricity generators.

The fully enclosed greenhouses will engage in traditional agricultural farming practices
such as growing crops and farm animals. Other activities will include equipment manu-
facturing. Each greenhouse will produce some 1,500 permanent jobs. A precious me-
tals monetary currency will be set up and used on Planet Mars. Once produced, the
crops will undergo processing while the farm animals undergo slaughtering and subse-
guent processing identical to those now occurring on Planet Earth. Sales of the finis-



hed products will occur on Planet Earth because product demand is immense and gro-
wing.

Indoor living within the greenhouse will provide ample protection against the outdoor
radiation that currently exists on Mars. Since the gravity on Mars is far less than that on
earth everyone, animals and humans alike, will experience a lighter step that will require
some time to get used to. Humans that don’t want to adjust can take the next plane
back to Planet Earth.

The routine trips by additional Dolphin Spacecraft will be used to shuttle additional ma-
terials to Mars that include cement. Cement can be made into concrete by adding water
and aggregates both of which are already present on Mars. The building of additional
greenhouses will enbable the gradual colonization of Mars. The few that don’t like a life
on Mars can always take the next plane back to Planet Earth. Hospitals, Universities,
and Organic Foods Restaurants are also included in the Mars construction plan that will
provide additional jobs to professionals that would like to live a terrorist-free economi-
cally sustainable life.

A communication system will be developed that will permit those on Mars to see their
favorite Planet Earth TV show with but a few seconds time delay during its 40 million
mile transmission. The communication system will occur between Mars and Earth
using several Dolphin Interstellar Aircraft that will be continuously flying similar to the
1948-1949 Berlin Airlift.

Those that might have second thoughts about an early trip to Mars can wait on NASA to
develop their technology. In about 20 years NASA plans to send an exploratory mission
to Mars to begin studying the possibility of life on Mars. NASA does not have a current
estimate at this time when the colonization of Mars can begin.

WaterSmart Environmental, Inc. is a provider of waste-to-energy, food independence,
water independence, and energy independence technologies and a manufacturer of
highly engineered water purification components and systems. The company designs
and builds a wide variety of water treatment equipment including packaged water and
wastewater treatment plants, UltraPaq'™ aerobic package plants, OAT™ Process an-
aerobic digesters with associated energy production, aerators, filters, PuriSep™ and
SmartWater'™ oil/water and solids/liquids separators, RainDrain™ perimeter trench
sand filters for stormwater runoff, dissolved air flotation separators, air strippers, com-
plete skid assembled aqueous waste treatment plants, FilterFresh™ skid mounted po-
table water production plants, skid mounted wastewater treatment systems for laun-
dromats, commercial laundries, and car/truck wash facilities with water reclamation and
reuse, softeners, demineralizers, activated carbon treatment equipment, and water puri-
fiers for domestic and international markets.

Worldwide Promoters of Renewable Energy, Organic Foods, Biofuels,
& Water Independence Technologies by and for the Common Man
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The solution is a solar sail. It works just like a normal sail on Earth but instead of
using the wind pressure to move, it uses light pressure. As the photons hit the surface of
the sail, they give it a small push. In order to maximize that push, the sail needs to be the
most reflective and thin possible. It would also need to be quite large, depending on the

More Info payload mass. The great advantage of this mean of space transport is that it does not
Advertisement require to carry fuel, thus its mass is considerably reduced. This type of solar sail would
take as much time to get to Mars as a classical rocket, but it will be much less expensive. i
Fortunately, there is a way to reduce the travel time. Instead of relying solely on the Sun Live Sunspot Watch
for light pressure we could use a powerful laser beam to propel the sail. In this way the sail
could be considerably accelerated and the trip would only take one week.
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Having developed the solar sail technology, we can easily get to Mars and establish
Featured Links a permanent base there with rotating crews, just like in the first years of the colonization of
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The inflatable martian base proposed below would be a good idea for a temporary
base due to its costs significantly lover than for traditional bases. Moreover, this type of
base can easily be moved to another place on the planet.

Credit: Janek Kozicki, source: http://janek.kozicki.pl/base.php

Then the exploration of the planet will begin. There are a lot of mysteries about Mars
waiting to be resolved. Did Mars look like the Earth earlier in its history? Is there life on
Mars?

Credit: images by NASA, source: http://www.nasa.gov E

When more colonists will arrive to Mars whole cities will be built. They will be
protected by a transparent dome, just like the cities of the Moon.

Mars has two small moons orbiting in low orbit. These will become dynamically
growing spaceports, since practically all the transit from Earth to Mars and vice-versa will
pass trough them.
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Credit: C.Wm. House, source: http://web.tampabay.rr.com/imbadbug &

Eventually, a Space Elevator could be built to boost up the fast developing Martian
economy by considerably reducing the costs of space travel to or from Mars. It resembles
the more known Earth Space Elevator but since Martian gravity is only one third of that on
Earth, the tension in the cable would not require it to be made from exotic materials.
Carbon nanotubes, would make it strong enough.

Credit: FlyingSinger, source: http://www.flickr.com/photos/flyingsinger/ E

Since Mars has enough gravity to retain an earthlike atmosphere and has a lot of
water frozen in the polar caps and in the permafrost, it would be the best candidate for
Terraforming. The first step would be to build huge mirrors in orbit to reflect more sunlight
on the planet which would make the temperature rise. Presently the average temperature
on Mars is only a few degrees below the freezing point of carbon dioxide. Thus a small rise
in temperature above that point would mean that all the carbonic ice will melt and the
carbon dioxide will be released to the atmosphere. This will provoke a runaway
greenhouse effect which would considerably heat up the planet. When temperatures
would reach above the freezing point of water, huge quantities of water vapor will be
released into the atmosphere by the sublimation of water ice. This would augment the
greenhouse effect since water vapor is a good greenhouse gas. When the atmospheric
pressure will be high enough, liquid water would flow once again on the surface of Mars.
Then oxygen and nitrogen would be needed in the atmosphere in order for it being
breathable. Genetically engineered plants and bacteria could be used to release these

http://www.cosmosfrontier.com/space-colonization/the-plan/phase7.html
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essential gases. In the end Mars will become another Blue planet and will bear life in a
unique ecosphere.

Mars at different stages of terraforming
Credit: Daein Ballard, source: http://www.wikipedia.org
Published under the terms of the GNU Free Documentation License, Version 1.2

Recommended Reading - The Mars Trilogy by Kim Stanley Robinson
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Some Scientists and astronomers on Earth have already started thinking that Earth is not going
to hold the damage done by humans for more time. That includes Robert Zubrin, who is an
aerospace engineer and an author who is best known for his plans to go to Mars and make the

10of2 10/04/2010 07:43 AM



Valles Marineris - Wikipedia, the free encyclopedia

10of6

Valles Marineris o o a « 2

From Wikipedia, the free encyclopedia

Valles Marineris (Latin for Mariner Valleys, named after
the Mariner 9 Mars orbiter of 1971-72 which discovered it) is
a system that runs along the Martian surface east of the
Tharsis region. At more than 4,000 km long, 200 km wide and

up to 7 km deep,[l][z] the Valles Marineris rift system is
larger than any of Earth's largest canyons, and is the largest
known canyon in the solar system.

Valles Marineris is located along the equator of Mars, on the
east side of the Tharsis Bulge, and stretches for nearly a
quarter of the planet’s circumference. The Valles Marineris
system starts in the west with the Noctis Labyrinthus;
proceeding to the east are Tithonium and lus chasmata, then
Melas and Ophir chasmata, then Coprates Chasma, then
Ganges, Capri and Eos chasmata; finally it empties into an
outflow channel region containing chaotic terrain that ends in
the basin of Chryse Planitia. Most researchers agree that
Valles Marineris is a large tectonic "crack" in the Martian
crust that formed as the crust rose in the Tharsis region to the
west, and was subsequently widened by erosional forces.
However, near the eastern flanks of the rift there appear to be
some channels that may have been formed by water or
carbon dioxide.
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Formation

http://en.wikipedia.org/wiki/Valles_Marineris

Coordinates: 13.9°S59.2°W

Valles Marineris

Valles Marineris cuts a wide gash across the face of
Mars

Coordinates 13.9°S59.2°W
Length approx. 4,000 kilometres (2,500 mi)

Naming Mariner 9
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There have been many
different theories about
the formation of Valles
Marineris that have
changed over the years.
Ideas in the 1970s were
erosion by water or
thermokarst activity, which is the melting of permafrost in glacial
climes. Thermokarst activity may contribute, but erosion by water is
not very likely because liquid water cannot exist in most current
Martian surface conditions, which typically experience about 1%
earth’s atmospheric pressure and a temperature range of 148 to 310
kelvins.However, scientists agree that there was liquid water
flowing on the Martian surface in the past. Valles Marineris may mm

have been formed by flowing water at this time. Another hypothesis

by McCauley in 1972 was that the canyons formed by withdrawal

of subsurface magma. Around 1989 Tanaka and Golombek

proposed a theory of formation by tensional fracturing. The most agreed upon theory today is that Valles
Marineris was formed by rift faults like the East African Rift Valley, later made bigger by erosion and collapsing
of the rift walls. One source of this erosion, proposed by Nick Hoffman is decompression of the Noctis
Labyrinthus carbon dioxide aquifer. As carbon dioxide is decompressed it turns from a solid to a fluid/gas and
can travel at great velocities through the thin atmosphere of Mars.

Topographic map of Valles Marineris

Because Valles Marineris is thought to be a large rift valley, its formation is closely tied with the formation of
the Tharsis Bulge. The Tharsis Bulge was formed from the Noachian to Late Hesperian period of Mars. Tharsis
was formed in three stages, appropriately named one, two and three. Stage one of the Tharsis construction
consisted of a combination of volcanism and isostatic uplift; soon, however, the volcanism loaded the crust to a
point at which the crust could no longer support the added weight of Tharsis, leading to widespread grabens in
the elevated regions of Tharsis. Stage two consisted of more volcanism and a loss of isostatic equilibrium; the
source regions of the volcanism no longer resided underneath Tharsis, creating a very large load. Finally, the
crust failed to hold up Tharsis and the radial fractures, like Valles Marineris, formed. Stage three mainly
consisted of more volcanism and asteroid impacts. The crust, having already reached its failure point, just stayed
in place and the younger volcanoes formed. Tharsis volcanism occurred at a very low viscosity magma, forming
shield volcanoes similar to the Hawaiian Island chain, but, because there are no active plate tectonics on Mars,
the hotspot activity kept loading the same spot over and over, creating some of the biggest volcanoes in the solar

system, including the biggest: Olympus Mons.[3] Laser altimetry (Mars Global Surveyor) of the region suggests
that this area is situated over former sea-floor crust, implying that some magmaphreatism may have occurred
after the creation of the rift.

Regions of Valles Marineris
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Noctis Labyrinthus

The Noctis Labyrinthus, on the western edge of the Valles Marineris Rift
System, north of the Syria Planum and east of Pavonis Mons, is a
jumbled terrain composed of huge blocks which are heavily fractured.
Also it contains canyons that run in different directions surrounding large
blocks of older terrain. Most of the upper parts of the blocks are
composed of younger fractured material thought to be of volcanic origin
associated with the Tharsis Bulge. The other tops are composed of older
fractured material thought also to be volcanic in origin, but differentiated
from the younger material by more ruggedness and more impact craters. The sides of the blocks are composed
of undivided material thought to be basement rock. The space between the blocks is composed mainly of either
rough or smooth floor material. The rough floor material tends to be in the eastern portion of the Noctis
Labyrinthus and is thought to be debris from the walls or maybe eolian features covering rough topography and
landslides. The smooth floor material is thought to be composed of fluvial material and/or eolian features

covering an otherwise rough and jumbled terrain.l] Terrains such as Noctis Labyrinthus are commonly found at
the head of outflow channels, like the one explored by the Pathfinder mission and its Sojourner rover. They are
interpreted to be a place of downward block faulting associated with the removal of ground fluid in catastrophic
flood sequences. The fluid could be either carbon-dioxide ice and gas or water. Water is the prevailing theory
because if there is water on Mars it is more hospitable to human exploration of the planet. But another theory by
Hoffman disputes the theory and proposed carbon dioxide gas/liquid as an agent of flooding.

Valles Marineris with major
features labeled.

lus and Tithonium Chasmata

Further to the east from Oudemans, lus and Tithonium chasmata are
located parallel to each other, lus to the south and Tithonium to the
north. lus is the wider of the two, leading to Melas Chasma. lus has
a ridge down the center of it by the name of Geryon Montes,
composed of the undivided basement rock. The floor of lus Chasma
is mostly composed of slide material that is really just a bunch of
pristine landslides covering each other; pristine from a lack of
cratering or erosion. The southern wall of lus, and to a lesser extent
the northern wall, has a lot of short valleys stretching off to the
south. These valleys have a stubby theater headed leading edge very
much like features seen on the Colorado Plateau near the Grand
Canyon that appear from groundwater sapping. Theater headed
means that the head of the valley is a well-defined aerial U-shape
that curves back under from the groundwater sapping and the valley
is propagated by the continued erosion and the collapse of the wall.l®! Tithonium Chasma is very similar to lus,
except it is lacking the sapping features on the south side and contains a small portion of stuff that is similar to
the smooth floor features except that it appears to be an ash fall that has been eroded by the wind forming eolian
features. Between the two canyons, the surface is composed of younger fractured material of lava flows and

faults from crustal extension of the Tharsis Bulge.[4]

lus Chasma from the Mars
Reconnaissance Orbiter

Melas, Candor and Ophir Chasmata

The next portion of Valles Marineris to the east are three chasmata, that from south to north are Melas, Candor
and Ophir chasmata. Melas is east of lus, Candor is east of Tithonium and Ophir appears as an oval that runs
into Candor. All three chasmata are connected. The floor of Melas Chasma is about 70% younger massive
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material that is thought to be volcanic ash whipped up by the wind into eolian features. It also contains rough
floor material from the erosion of the canyon walls. Also, in these central chasmata there is a portion of the floor
that is higher than the rest of the floor, most likely left by the continued dropping of the other floor material.

Around the edges of Melas is also a lot of slide material as seen in lus and Tithonium chasmata.[*l This is also
the deepest part of the Valles Marineris system at eleven kilometers below the surrounding surface; from here
the outflow channels are about a 0.03 degree slope upward to the northern plains, which means that if you filled
the canyon with fluid, would have a lake with a depth of one kilometer before the fluid would flow out onto the

northern pIains.[G]

On the floor of the canyon system between Candor and Melas chasmata is a grooved floor material that is
interpreted to be alluvial deposits and/or material that has collapsed or contracted by the removal of ice or
water. There are also portions of older and younger massive floor material of volcaniclastic origin only separated
in age by crater distribution. Also there is etched massive floor material that is like the younger and older
massive material except that it has wind erosional features on it. There are also a few spires of undivided

material composed of the same material as the canyon walls.[4]

Coprates Chasma

Further to the east, the canyon system runs into Coprates Chasma, which is very similar to lus and Tithonium
chasmata, except geographical location. Also Coprates differs from lus is the eastern end which contains alluvial

deposits and eolian material.[*] Also, Coprates, like lus, has layered deposits, although the deposits in the
Coprates Chasma are much more well defined. These deposits pre-date the Valles Marineris system, suggesting
erosion and sedimentary processes later cut by the Valles Marineris system. Newer data from Mars Global
Surveyor suggest that the origin of this layering is either just a succession of landslides, one over another,
volcanic in origin, or it may be the bottom of a basin of either liquid or solid water ice suggesting that the
peripheral canyons of the Valles Marineris system could have been at one time isolated lakes formed from
erosional collapse. Another possible source of the layered deposits could be wind-blown, but the diversity of the
layers suggests that this material is not dominant. Also noted is that only the upper layers are thin, while the
bottom layers are very big, suggesting that the lower layers were composed of mass wasted rock and the upper

layers come from another source.[”] Some of this layering may have been transferred to the floor by landslides
in which the layers are kept semi-intact yet looks like a highly deformed layered section with thickening and
thinning beds that have multitudes of folds in them as seen in MOC image #8405. This complex terrain could
also be just eroded sediment from an ancient Martian lake-bed and appear complex because all that we have is
an aerial view like a geologic map and not enough elevation data to see if the beds are horizontal.

Eos and Ganges Chasmata

Further to the east lie Eos and Ganges chasmata. Eos Chasma’s western floor is mainly composed of an etched
massive material composed of either volcanic or eolian deposits later eroded by the Martian wind. The eastern
end of the Eos chasma has a large area of streamlined bars and longitudinal striations. This is interpreted to be
stream-carved plateau deposits and material transported and deposited by flowing fluid. Gangis Chasma is an
offshoot chasma of Eos in a general east-west trend. The floor of Gangis is mainly composed of alluvial deposits

from the canyon walls.[4]
Chryse region

East of Eos and Ganges, Valles Marineris empties out into the Chryse region of the northern plains of Mars at an
elevation only one kilometer above the deepest point of Valles Marineris in Melas Chasma. The outflow regions
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of the northern plains are similar to the terrain seen at the Mars Pathfinder landing site. A terrestrial counterpart
of these outflow channels on Earth would be the scablands of eastern Washington. The eastern Washington
scablands are a result of repeated catastrophic flooding due to the build-up of an ice dam at the head of Lake
Missoula in the Late Pleistocene. The ice dam would block the water for a while, but when it broke, the ice
would float on top of the ensuing flood and vast areas would be stripped of topsoil and vegetation, leaving a
large barren area of ‘teardrop’ islands, longitudinal grooves and terraced margins. Many of these features are also

seen in Martian outflow channels, but on a larger scale.[®]

The outflow occurs successively through several regions of chaotic terrain, Aurorae Chaos and Hydraotes
Chaos, and finally through Simud Vallis and Tiu Valles into Chryse Planitia.[’]

See also

= Geography of Mars
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From Wikipedia, the free encyclopedia

The Mars Society is an international space advocacy
non-profit organization dedicated to encouraging the
Manned mission to Mars, the exploration and settlement of
the Red Planet. It was founded by Robert Zubrin and others
in 1998 and attracted the support of notable science fiction
writers and filmmakers, including Kim Stanley Robinson
and James Cameron. The organization is dedicated to
convincing the public and governments of the benefits of
Mars exploration, networking the communities involved and

exploring the possibilities of private Mars missions.!]
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History

The Society formally came into existence at its founding
conference in August 1998, when over 700 delegates —
astronomers, scientists, engineers, astronauts, entrepreneurs,
educators, students, and space enthusiasts — attended a
weekend of talks and presentations from leading Mars
exploration advocates.

Since that time, the Society, guided by its International
Steering Committee, has grown to over 4,000 members and
some 6,000 associate supporters across more than 50
countries around the world. Members of the Society are
from all walks of life, and all actively work to promote the
ideals of space exploration and the opportunities for
exploring Mars.

http://en.wikipedia.org/wiki/Mars_Society

Mars Society

THE MARS SOCIETY

Founded August, 1998

Key
people

Area
served

Focus

Website

Board of Directors:

= Robert Zubrin (chairman)
= Scott Horowitz

= Penelope Boston

= Declan O'Donnell

Officers and Staff:

= Lucinda Land-Trujillo (Acting
Executive Director)
Gary Fisher (Treasurer)

= Sara Spector (Secretary)

= - (Mission Director, MDRS)

= Patt Czarnik (Director of
Membership)

= Susan Holden Martin (Director of
Public Relations)

= Kevin Sloan (Director of
University Rover Challenge
(URC))

= - (Webmaster)

International

Space advocacy and Manned mission to
Mars

http://www.marssociety.org

The Mars Society's goals aren't purely theoretical. Its aim is to show that Mars is an achievable goal through a

practical series of technical and other projects, including these:

= further development of the Mars Direct mission plan to send humans to Mars?
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= the Mars Analogue Research Station Programme (MARS) — analogues of possible future Mars habitation
units, located in Mars-like environments
= the Mars Society Analogue Pressurized Rover — a competition to design a pressurized rover vehicle that

could be used on Mars that was won by the Michigan Mars Rover Team!®l.

= the Mars Gravity Biosatellite - a program to design, build, and launch a satellite rotated to artificially
provide partial gravity of 0.38g, equivalent to that of Mars, and hosting a small population of mice, to
study the health effects of partial gravity, as opposed to zero gravity; this originated as a Mars Society
initiative and is now supported by the YourNamelntoSpace (http://YourNamelntoSpace.org/) web portal

= the Mars balloon mission ARCHIMEDES (http://www.marssociety.org/portal/groups/GermanyCH
/archimedes-balloon-project) , due to launch in 2018 (conducted by the German Chapter of Mars
Society)[4]

= Tempo3 The Tethered Experiment for Mars inter-Planetary Operations, a CubeSat based satellite that will
demonstrate artificial gravity generation using two tethered masses

In addition, the Society:

= gives talks and presentations on Mars Direct to schools, colleges, universities, professional bodies and the
general public

promotes the teaching of science, astronomy and spaceflight-related subjects in schools

campaigns for greater investment on the part of individual countries in space research and development

hosts the largest annual conferences on Mars exploration in the United States, Europe and Australia [5]
actively supports NASA, ESA and other space agencies in their on-going exploration of Mars

The current board of directors of the Mars Society is Robert Zubrin (chairman), Scott Horowitz, Penelope
Boston, and Declan o'Donnell.[®]

Notable members of its steering committee include Buzz Aldrin and Peter H. Smith.
Notable former members of the board of directors or steering committee of the Mars Society include Kim

Stanley Robinson, Michael D. Griffin, Christopher McKay, and Pascal Lee.l’]

North American Chapters of the Mars Society

The Mars Society has chapters in countries around the world. Many of these chapters undertake scientific,
engineering and political initiatives to further the Mars Society's goals. Some accomplishments of Mars Society
chapters are listed below:

Northern California Chapter of the Mars Society:

= hosted the Fourth International Mars Society Convention in 2001 (Stanford University)[g]
= raised over $100,000 for the Mars Society hosting a fundraiser banquet with James Cameron, May 5,
2001

= provided Mission Support services for crews at the Mars Desert Research Station starting in 20021°]
Dallas Chapter of the Mars Society:

= hosted the Mars Track of the National Space Society's International Space Development Conference in

2007110]
= Planning Publicizing, and Politicking a vision of Mars colonization in the Dallas area and beyond.
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Mars Society of Canada:

hosted the Third International Mars Society Convention in 2000 (Toronto)[ll]
organized a month-long multi-national research expedition (known as Expedition One) to the Mars Desert

Research Station in the Utah desert in 2003112
organized a second multi-national research expedition (known as Expedition Two) in the Australian

outback in 2004
organized a series of training expeditions (beginning with Expedition Alpha, Beta etc.)[14]

The Mars Society - San Diego: http://www.marssandiego.org/

= provides Crewmembers and Mission Support services for the Mars Desert Research Station (MDRS) and
the Flashline Mars Arctic Research Station (FMARS) since 2002

= TMS-SD provides public outreach events to classrooms, libraries, museums and other organizations
throughout the Southern California region with seven different multimedia programs: “Invasion from
Earth - The Robotic Exploration of Mars"; "Mars Exploration Rovers - Year 4"; "Mars on Earth - The
Adventures of Space Pioneers in the Utah Desert"; "Mars on Earth - The Adventures of Space Pioneers in
the Canadian Arctic: "Humans to Mars - How We'll Get There"; "A Close Look at Mars™; and "Mars in
the Movies"

= TMS-SD offers a 1/4-scale radio controlled Mars Exploration Rover with wireless video that children (of
all ages) can operate [1] (http://chapters.marssociety.org/sandiego/rover.html)

= holds monthly chapter meetings, as well as special program events throughout the year

= hosts a monthly Mars Movie Night in conjunction with http://marsmovieguide.com

European Chapters of the Mars Society

Austria : ASF (Osterreichisches Weltraum Forum, OeWF) http://www.oewf.org

The ASF (Osterreichisches Weltraum Forum, OeWF) is a national network for aerospace and space enthusiasts,
being the Austrian chapter of the Mars Society. The Forum serves as a communication platform between the
space sector and the public; it is embedded in a global network of specialists from the space industry, research
and policy. Hence, the OeWF facilitates a strengthening of the national space sector through enhancing the
public visibility of space activities, technical workshops and conferences as well as Forum-related projects.

Their research focus is Mars Analogue Research, e.g. the AustroMars mission with roughly 130 volunteers
supporting a mission simulation at the Mars Desert Research Station (MDRS) and the ongoing PolAres
multi-year research program which encompass the development of a Mars analogue rover system ans a novel
spacesuit prototype dubbed "Aouda.X", culminating in an arctic expedition in 2011.

The Forum has a small, but highly active pool of professional members contributing to space endeavours, mostly
in cooperation with other national as well as international space organizations. The spectrum of their activities
ranges from simple classroom presentation to 15.000-visitors space exhibitions, from expert reports for the
Austrian Federal Ministry for Technology to space technology transfer activities for terrestrial applications.

Netherland : Stichting Mars Society Nederland http://www.marssociety.nl

The Dutch Chapter of the Mars Society (Mars Society Netherland) started with its successful website in 1999.
The MS NL is registered in the Netherlands as a non profit organization ("stichting™). Registered members pay a
yearly membership fee. The activities of the MS NL are focused on outreach through conferences (national ans
European), exhibits, events, and media campaigns.

30f8 10/04/2010 07:23 AM



Mars Society - Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Mars_Society

The main means of communication with members and the general public is still the MS NL Website with
information on Mars and related space subjects. In cooperation with the Netherlands Society for Aerospace
(NVR), MS NL strives to educate youth in 'kids for space’, and the 'RuimteWijs' program, giving lectures about
Mars all over Netherlands. Lectures on Mars are also given under auspices of the Dutch Astronomical Society.
MS NL cooperates with The Planetary Society in mars events.

The MS NL has been involved with international projects of The Mars Society from the starts, it is a strong
proponent of European cooperation in space endeavours.

Artemis Westenberg, president of MS NL, after having been involved with mission support for the Mas Society
Habitats for several years, serves since 2008 as Mission Director, managing all aspects of the Mars Desert
Research Station in Utah.

Germany : Mars Society Deutschland http://www.marssociety.net

The German Chapter of the Mars Society (Mars Society Deutschland e.V. | eingetragener Verein | - MSD) was
founded in 2001 based on the Founding Declaration of the Mars Society of the USA from 1998 and has about
230 members. The MSD is registered in Germany as a non-profit association (gemeinnitziger Verein).
Registered members pay a yearly membership fee of 60 Euro. However, students and firms pay a different fee.
The activities of the MSD are focused on technical-scientific projects such as the Mars Balloon Probe
ARCHIMEDES as well as on all Mars exploration and general manned space matters. The main means of
communication with members and the general public is the MSD Website with information on the
ARCHIMEDES project, publications on Mars and other space subjects, the regular news, which can be
commented by visitors of the website, the Space Forum and informative meetings.

The MSD Board comprises five members. Since June 2009 its president is the Space Physicist Dr. Michael
Danielides. The development of ARCHIMEDES is led by Dipl.Ing. Hannes Griebel, who is also a member of the
MSD Board and prepares his doctorate thesis on ARCHIMEDES.

ARCHIMEDES is presently under development and the major project of the MSD since 2001. Starting in 2006,
flight tests have been undertaken for testing the innovative balloon system in low-gravity environment. Test
carriers were so far the Airbus A300 for short duration parabolic flights and the sounding rocket test campaigns
REXUS3-REGINA and REXUS4-MIRIAM for longer duration flight tests under free space conditions. Further
flights tests are planned for the coming years (e.g. MIRIAM 1) with the objective of qualifying ARCHIMEDES
for its Mars mission by 2018. ARCHIMEDES will be carried to Mars on board an AMSAT Mars Probe or a
similar satellite. ARCHIMEDES is developed by the MSD with the support of the Bundeswehr University of
Munich, of the IABG in Ottobrunn, the DLR-MORABA for rocket flight opportunities, other universities, and
several industrial companies supporting specific technical areas.

France : Association Planéte Mars http://www.planete-mars.com

The Mars Society French chapter was established in 1999 as "Association Planéte Mars", a non-profit
organization with its headquarters in Paris. Its founder and president is Richard Heidmann, a space propulsion
engineer, who participated in the founding convention of the Mars Society in August 1998 and is a member of
the Mars Society Steering Committee.

While fully supporting the ideas and actions of the Mars Society, it considers that those must be adapted to the
specific cultural and political context of France and Europe. The main activities of Association Planéte Mars are
devoted to public communication, through conferences, exhibits, events, media appearances (TV, radio,
magazines...). It also acts occasionally as an adviser for journalists or film makers.
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Whenever possible, it cooperates with other associations or science outreach organisms, which permits to
reinforce its action and reach a wider public.

Association Planete Mars makes a special effort to drain youth interest. 25% of its paid members are under 25.
It develops experiences of proposing and tutoring Mars related projects to engineering students. The association
encourages the formation of working groups on miscellaneous topics. Today, three groups are active,
respectively on Mission Safety,Martian Architecture and medical Aspects. It participated to several MDRS and
FMARS missions, bringing a prototype of "Cliff Exploration Vehicle".

Another major field of action is the lobbying, both within the political and institutional personnel, in France and
at the European level (European Council, ESA). In doing so, it relies on the networks established by some of its
managers. On the occasion of most critical events, tis publishes political documents to support its views, which
are distributed both to deciders and to the press. This has been the case in June 2004, in the wake of the US
Space Exploration Initiative, and in September 2008 in preparation of the ESA ministerial counsel.

Italy : Italian Mars Society http://www.marssociety.it

The Mars Society Italian chapter (Italian Mars Society) was founded in 2005. Its headquarters are in Curno
(Bergamo), near Milan, and its presidents is Antonio Del Mastro, entrepreneur and oner of an engineering
consulting company. The Italian Mars Society carries out scientific divulgation activities related to the Red
Planet.It cooperates with the other European Mars Society chapters to build a knowledge network whose aim is
to develop the interest of European people towards Mars exploration.

Belgium : Mars Society Belgium http://www.marssociety.be (Please add information about the Belgian
Chapter!)

Poland : Mars Society Polska (MSP) http://www.marssociety.pl

Mars Society Polska (MSP) is actively participating in the creation of the Polish space industry. Since this sector
is still developing, the organization is taking the opportunity to provide a strong Mars-related element for the
years to come. Poland was the last member state of the EU to sign the cooperation agreement with ESA. Most
projects in Poland currently focus on satellite technology, so MSP is the only leading organization promoting
exploration and manned spaceflight. Besides private sponsors, it relies on resources obtained from the Ministry
of Science and Higher Education and local authorities, proposing projects to be undertaken with local
communities and thus engaging with the general public.

MSP's first project was the Polish MPV (pressurized rover) design, for which some hardware was produced. This
enabled development of the Polish Mars Society itself, together with a number of educational activities for
Polish schools. This was followed by the joint organization of the Polish edition of the Red Rover Goes to Mars
contest and organization of a Mars colonization negotiation game (Columbia Memorial Negotiations). In 2007
MSP organized the first Mars Festival, a two-day event which drew 600 visitors, with Discovery Channel as the
main sponsor. Mars Festival 2008 was smaller due to the efforts being made in other projects, particularly the
Polish URC rover, named Skarabeusz.

The flagship MSP project is the Polish Martian habitat, based on a design by Janek Kozicki. It has three
inflatable modules attached and a usable surface of 900 m2. The habitat is to be located close to a large town,
meaning that beyond its role as a test site, largely for materials and design, it will be accessible to the wider
public and media.

MSP has established a constant presence in the mainstream Polish media and is working on a documentary
about itself. It is also developing software projects, IT systems for the future martian habitat, with a Virtual Mars
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Base and remote access. Jan Kotlarz of MSP has created RODM software for the modeling of the Martian
surface based on high resolution photographs from Mars Reconnaissance Orbiter. RODM is currently being
tested by NASA and ESA.

United Kingdom : Mars Society UK http://www.marssociety.org.uk

The Mars Society UK is the oldest Mars Society outside of the United States. It held its first public meeting on
July 4, in London. Professor Colin Pillinger, head of the Beagle 2 project, was the Guest Speaker, and the event
marked the first time Beagle 2 had been presented to the general public in the UK. From 1998 through to 2003,
the Mars society UK (MSUK) continued to support Beagle 2, providing numerous public events at which
members of the Beagle 2 project team could speak, and the Beagle 2 model be displayed.

Highlights of the MSUK's history include:

= |t hosted the first Mars Society European Leaders Meeting, with representatives from France, Germany,
Poland, Spain and the Netherlands.

= The first UK Mars Day, attended by some 200 members of the public took place in 2002. It was covered
by all the UK's leading television media (BBC, ITN, Sky News).

= |n 2003, it had white papers accepted and published by the UK government as a part of a review of UK
Space Policy. It also actively lobbied for UK involvement in human space flight endeavours.

= Since 2006 it helped establish the Sir Arthur Clarke Award,the most prodigious award given in the United
Kingdom for contribution in all field of space research and exploration. it also continued to provided
consultation and white papers on the UK's changing space policy and helped determine the UK
government's decision to actively engage in human space flight activities from 2010.

= |t is currently engaged in a further UK space policy review aimed at determining whether the UK requires
a dedicated space agency.

More recently, the MSUK had been allied with attempts to initiate a formally-recognized and fully founded UK
Space Conference (UKSC) with the first such event being held in April 2009.

Spain : Mars Society Espafa http://www.marssociety.org.es (Please add information about the Spanish
Chapter!)

Switzerland: Mars Society Switzerland http://www.planete-mars-suisse.com

The Mars Society Switzerland was founded in February 2010. It covers the French and German speaking parts
of Switzerland. It keeps close links with the French branch (“association planete Mars", see above). Its aim is to
convince Swiss public of the interest and feasibility of the Martian exploration with inhabited flights through the
Mars direct concept such as described by Robert Zubrin. It wants to gather around the scientists working on
Mars in Switzerland, all people who share their interest on the matter.

It will participate to the 8th Swiss Geoscience Meeting which will gather Swiss geologists next November in
Fribourg around the topic "Hot and cold, extreme climates in space and time".

Another Mars Society Chapter is also in creation in Luxembourg.
See also

= Flag of Mars
= Colonization of Mars
= Mars to Stay
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amino acid

Dictionary: amino acid

n.

An organic compound containing an amino group (NH2), a carboxylic acid group (COOH),
and any of various side groups, especially any of the 20 compounds that have the basic
formula NH2CHRCOOH, and that link together by peptide bonds to form proteins or that
function as chemical messengers and as intermediates in metabolism.
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For more information on amino acid, visit Britannica.com.

Science of Everyday Things:
Amino Acids

Concept

Amino acids are organic compounds made of carbon, hydrogen, oxygen, nitrogen, and (in
some cases) sulfur bonded in characteristic formations. Strings of amino acids make up
proteins, of which there are countless varieties. Of the 20 amino acids required for
manufacturing the proteins the human body needs, the body itself produces only 12,
meaning that we have to meet our requirements for the other eight through nutrition. This
is just one example of the importance of amino acids in the functioning of life. Another
cautionary illustration of amino acids' power is the gamut of diseases (most notably, sickle
cell anemia) that impair or claim the lives of those whose amino acids are out of sequence
or malfunctioning. Once used in dating objects from the distant past, amino acids have
existed on Earth for at least three billion years—long before the appearance of the first true
organisms.

How It Works
A "map" of Amino Acids

Amino acids are organic compounds, meaning that they contain carbon and hydrogen
bonded to each other. In addition to those two elements, they include nitrogen, oxygen,
and, in a few cases, sulfur. The basic structure of an amino-acid molecule consists of a
carbon atom bonded to an amino group (-NH2), a carboxyl group (-COOH), a hydrogen
atom, and a fourth group that differs from one amino acid to another and often is referred
to as the-R group or the side chain. The-R group, which can vary widely, is responsible for
the differences in chemical properties.

This explanation sounds a bit technical and requires a background in chemistry that is
beyond the scope of this essay, but let us simplify it somewhat. Imagine that the
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amino-acid molecule is like the face of a compass, with a carbon atom at the center. Raying
out from the center, in the four directions of the compass, are lines representing chemical
bonds to other atoms or groups of atoms. These directions are based on models that
typically are used to represent amino-acid molecules, though north, south, east, and west,
as used in the following illustration, are simply terms to make the molecule easier to
visualize.

To the south of the carbon atom (C) is a hydrogen atom (H), which, like all the other atoms
or groups, is joined to the carbon center by a chemical bond. To the north of the carbon
center is what is known as an amino group (-NH2). The hyphen at the beginning indicates
that such a group does not usually stand alone but normally is attached to some other atom
or group. To the east is a carboxyl group, represented as-COOH. In the amino group, two
hydrogen atoms are bonded to each other and then to nitrogen, whereas the carboxyl
group has two separate oxygen atoms strung between a carbon atom and a hydrogen
atom. Hence, they are not represented as O>.

Finally, off to the west is the R-group, which can vary widely. It is as though the other
portions of the amino acid together formed a standard suffix in the English language, such
as -tion. To the front of that suffix can be attached all sorts of terms drawn from root
words, such as educate or satisfy or revolt—hence, education, satisfaction, and revolution.
The variation in the terms attached to the front end is extremely broad, yet the tail end,
-tion, is a single formation. Likewise the carbon, hydrogen, amino group, and carboxyl
group in an amino acid are more or less constant.

A Few Additional Points

The name amino acid, in fact, comes from the amino group and the acid group, which are
the most chemically reactive parts of the molecule. Each of the common amino acids has, in
addition to its chemical name, a more familiar name and a three-letter abbreviation that
frequently is used to identify it. In the present context, we are not concerned with these
abbreviations. Amino-acid molecules, which contain an amino group and a carboxyl group,
do not behave like typical molecules. Instead of melting at temperatures hotter than 392°F
(200°C), they simply decompose. They are quite soluble, or capable of being dissolved, in
water but are insoluble in nonpolar solvents (oil-and all oil-based products), such as
benzene or ether.

Right-Hand and Left-Hand Versions

All of the amino acids in the human body, except glycine, are either right-hand or left-hand
versions of the same molecule, meaning that in some amino acids the positions of the
carboxyl group and the R-group are switched. Interestingly, nearly all of the amino acids
occurring in nature are the left-hand versions of the molecules, or the L-forms. (There-fore,
the model we have described is actually the left-hand model, though the distinctions
between "right" and "left"—which involve the direction in which light is polarized—are too
complex to discuss here.)

Right-hand versions (D-forms) are not found in the proteins of higher organisms, but they
are present in some lower forms of life, such as in the cell walls of bacteria. They also are
found in some antibiotics, among them, streptomycin, actinomycin, bacitracin, and
tetracycline. These antibiotics, several of which are well known to the public at large, can
kill bacterial cells by interfering with the formation of proteins necessary for maintaining life
and for reproducing.

Amino Acids and Proteins

A chemical reaction that is characteristic of amino acids involves the formation of a bond,
called a peptide linkage, between the carboxyl group of one amino acid and the amino
group of a second amino acid. Very long chains of amino acids can bond together in this
way to form proteins, which are the basic building blocks of all living things. The specific
properties of each kind of protein are largely dependent on the kind and sequence of the
amino acids in it. Other aspects of the chemical behavior of protein molecules are due to
interactions between the amino and the carboxyl groups or between the various R-groups
along the long chains of amino acids in the molecule.

Numbers and Combinations

Amino acids function as monomers, or individual units, that join together to form large,
chainlike molecules called polymers, which may contain as few as two or as many as 3,000
amino-acid units. Groups of only two amino acids are called dipeptides, whereas three
amino acids bonded together are called tripeptides. If there are more than 10 in a chain,
they are termed polypeptides, and if there are 50 or more, these are known as proteins.

All the millions of different proteins in living things are formed by the bonding of only 20
amino acids to make up long polymer chains. Like the 26 letters of the alphabet that join
together to form different words, depending on which letters are used and in which
sequence, the 20 amino acids can join together in different combinations and series to form
proteins. But whereas words usually have only about 10 or fewer letters, proteins typically
are made from as few as 50 to as many as 3,000 amino acids. Because each amino acid
can be used many times along the chain and because there are no restrictions on the length
of the chain, the number of possible combinations for the formation of proteins is truly
enormous. There are about two guadrillion different proteins that can exist if each of the 20
amino acids present in humans is used only once. Just as not all sequences of letters make
sense, however, not all sequences of amino acids produce functioning proteins. Some other
sequences can function and yet cause undesirable effects, as we shall see.

Real-Life Applications
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DNA (deoxyribonucleic acid), a molecule in all cells that contains genetic codes for
inheritance, creates encoded instructions for the synthesis of amino acids. In 1986,
American medical scientist Thaddeus R. Dryja (1940-) used amino-acid sequences to
identify and isolate the gene for a type of cancer known as retinoblastoma, a fact that
illustrates the importance of amino acids in the body.

Amino acids are also present in hormones, chemicals that are essential to life. Among these
hormones is insulin, which regulates sugar levels in the blood and without which a person
would die. Another is adrenaline, which controls blood pressure and gives animals a sudden
jolt of energy needed in a high-stress situation—running from a predator in the grasslands
or (to a use a human example) facing a mugger in an alley or a bully on a playground.
Biochemical studies of amino-acid sequences in hormones have made it possible for
scientists to isolate and produce artificially these and other hormones, including the human

growth hormone.

Amino Acids and Nutrition

Just as proteins form when amino acids bond together in long chains, they can be broken
down by a reaction called hydrolysis, the reverse of the formation of the peptide bond. That
is exactly what happens in the process of digestion, when special digestive enzymes in the
stomach enable the breaking down of the peptide linkage. (Enzymes are a type of
protein—see Enzymes.) The amino acids, separated once again, are released into the small
intestine, from whence they pass into the bloodstream and are carried throughout the
organism. Each individual cell of the organism then can use these amino acids to assemble
the new and different proteins required for its specific functions. Life thus is an ongoing
cycle in which proteins are broken into individual amino-acid units, and new proteins are
built up from these amino acids.

Essential Amino Acids

Out of the many thousands of possible amino acids, humans require only 20 different kinds.
Two others appear in the bodies of some animal species, and approximately 100 others can
be found in plants. Considering the vast numbers of amino acids and possible combinations
that exist in nature, the number of amino acids essential to life is extremely small. Yet of
the 20 amino acids required by humans for making protein, only 12 can be produced within
the body, whereas the other eight—isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, tryptophan, and valine—must be obtained from the diet. (In addition, adults are
capable of synthesizing arginine and histidine, but these amino acids are believed to be
essential to growing children, meaning that children cannot produce them on their own.)

A complete protein is one that contains all of the essential amino acids in quantities
sufficient for growth and repair of body tissue. Most proteins from animal sources, gelatin
being the only exception, contain all the essential amino acids and are therefore considered
complete proteins. On the other hand, many plant proteins do not contain all of the
essential amino acids. For example, lysine is absent from corn, rice, and wheat, whereas
corn also lacks tryptophan and rice lacks threonine. Soybeans are lacking in methionine.
Vegans, or vegetarians who consume no animal proteins in their diets (i.e., no eggs, dairy
products, or the like) are at risk of malnutrition, because they may fail to assimilate one or
more essential amino acid.

Amino Acids, Health, and Disease

Amino acids can be used as treatments for all sorts of medical conditions. For example,
tyrosine may be employed in the treatment of Alzheimer's disease, a condition
characterized by the onset of dementia, or mental deterioration, as well as for alcohol-
withdrawal symptoms. Taurine is administered to control epileptic seizures, treat high blood
pressure and diabetes, and support the functioning of the liver. Numerous other amino
acids are used in treating a wide array of other diseases. Sometimes the disease itself
involves a problem with amino-acid production or functioning. In the essay Vitamins, there
is a discussion of pellagra, a disease resulting from a deficiency of the B-group vitamin
known as niacin. Pellagra results from a diet heavy in corn, which, as we have noted, lacks
lysine and tryptophan. Its symptoms often are described as the "three Ds": diarrhea,
dermatitis (or skin inflammation), and dementia. Thanks to a greater understanding of
nutrition and health, pellagra has been largely eradicated, but there still exists a condition
with almost identical symptoms: Hartnup disease, a genetic disorder named for a British
family in the late 1950s who suffered from it.

Hartnup disease is characterized by an inability to transport amino acids from the kidneys
to the rest of the body. The symptoms at first seemed to suggest to physicians that the
disease, which is present in one of about 26,000 live births, was pellagra. Tests showed
that sufferers did not have inadequate tryptophan levels, however, as would have been the
case with pellagra. On the other hand, some 14 amino acids have been found in excess
within the urine of Hartnup disease sufferers, indicating that rather than properly
transporting amino acids, their bodies are simply excreting them. This is a potentially very
serious condition, but it can be treated with the B vitamin nicotinamide, also used to treat
pellagra. Supplementation of tryptophan in the diet also has shown positive results with
some patients.

Sickle Cell Anemia

It is also possible for small mistakes to occur in the amino-acid sequence within the body.
While these mistakes sometimes can be tolerated in nature without serious problems, at
other times a single misplaced amino acid in the polymer chain can bring about an
extremely serious condition of protein malfunctioning. An example of this is sickle cell
anemia, a fatal disease ultimately caused by a single mistake in the amino acid sequence. In
the bodies of sickle cell anemia sufferers, who are typically natives of sub-Saharan Africa or
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their descendants in the United States or elsewhere, glutamic acid is replaced by valine at
the sixth position from the end of the protein chain in the hemoglobin molecule.
(Hemoglobin is an iron-containing pigment in red blood cells that is responsible for
transporting oxygen to the tissues and removing carbon dioxide from them.) This small
difference makes sickle cell hemoglobin molecules extremely sensitive to oxygen
deficiencies. As a result, when the red blood cells release their oxygen to the tissues, as all
red blood cells do, they fail to re-oxygenate in a normal fashion and instead twist into the
shape that gives sickle cell anemia its name. This causes obstruction of the blood vessels.
Before the development of a treatment with the drug hydroxyurea in the mid-1990s, the
average life expectancy of a person with sickle cell anemia was about 45 years.

Amino Acids and the Distant Past

The Evolution essay discusses several types of dating, a term referring to scientific efforts
directed toward finding the age of a particular item or phenomenon. Methods of dating are
either relative (i.e., comparative and usually based on rock strata, or layers) or absolute.
Whereas relative dating does not involve actual estimates of age in years, absolute dating
does. One of the first types of absolute-dating techniques developed was amino-acid
racimization, introduced in the 1960s. As noted earlier, there are "left-hand" L-forms and
"right-hand" b-forms of all amino acids. Virtually all living organisms (except some
microbes) incorporate only the L-forms, but once the organism dies, the L-amino acids
gradually convert to the mirror-image D-amino acids.

Numerous factors influence the rate of conversion, and though amino-acid racimization was
popular as a form of dating in the 1970s, there are problems with it. For instance, the
process occurs at different rates for different amino acids, and the rates are further affected
by such factors as moisture and temperature. Because of the uncertainties with amino-acid
racimization, it has been largely replaced by other absolute-dating methods, such as the
use of radioactive isotopes.

Certainly, amino acids themselves have offered important keys to understanding the
planet's distant past. The discovery, in 1967 and 1968, of sedimentary rocks bearing traces
of amino acids as much as three billion years old had an enormous impact on the study of
Earth's biological history. Here, for the first time, was concrete evidence of life—at least, in
a very simple chemical form—existing billions of years before the first true organism. The
discovery of these amino-acid samples greatly influenced scientists' thinking about
evolution, particularly the very early stages in which the chemical foundations of life were
established.
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Sci-Tech Encyclopedia:
Amino acids

Organic compounds possessing one or more basic amino groups and one or more acidic
carboxyl groups. Of the more than 80 amino acids which have been found in living
organisms, about 20 serve as the building blocks for the proteins.

All the amino acids of proteins, and most of the others which occur naturally, are a-amino
acids, meaning that an amino group (NH2) and a carboxyl group (COOH) are attached to
the same carbon atom. This carbon (the a carbon, being adjacent to the carboxyl group)
also carries a hydrogen atom; its fourth valence is satisfied by any of a wide variety of
substitutent groups, represented by the letter R in the structural formula below.
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In the simplest amino acid, glycine, R is a hydrogen atom. In all other amino acids, R is an
organic radical; for example, in alanine it is a methyl group (CH3), while in glutamic acid it
is an aliphatic chain terminating in a second carboxyl group (CH2CHCOOH). Chemically, the
amino acids can be considered as falling roughly into nine categories based on the nature of
R (see table).

Amino acids of proteins, grouped according to the nature of R

Amino acids R

Glycine Hydrogen

Alanine, valine, leucine, isoleucine Unsubstituted aliphatic chain

Serine, threonine Aliphatic chain bearing a hydroxyl group

Aspartic acid, glutamic acid Aliphatic chain terminating in an acidic carboxyl group
Asparagine, glutamine Aliphatic chain terminating in an amide group
Arginine, lysine Aliphatic chain terminating in a basic amino group
Cysteine, cystine, methionine Sulfur-containing aliphatic chain

Phenylalanine, tyrosine Terminates in an aromatic ring

Tryptophan, proline, histidine Terminates in a heterocyclic ring

*See articles on the individual amino acids listed in the table.
Occurrence

Amino acids occur in living tissues principally in the conjugated form. Most conjugated
amino acids are peptides, in which the amino group of one amino acid is linked to the
carboxyl group of another. Amino acids are capable of linking together to form chains of
various lengths, called polypeptides. Proteins are polypeptides ranging in size from about
50 to many thousand amino acid residues. Although most of the conjugated amino acids in
nature are proteins, numerous smaller conjugates occur naturally, many with important
biological activity. The line between large peptides and small proteins is difficult to draw,
with insulin (molecular weight = 7000; 50 amino acids) usually being considered a small
protein and adrenocorticotropic hormone (molecular weight = 5000; 39 amino acids) being
considered a large peptide.

Free amino acids are found in living cells, as well as the body fluids of higher animals, in
amounts which vary according to the tissue and to the amino acid. The amino acids which
play key roles in the incorporation and transfer of ammonia, such as glutamic acid, aspartic
acid, and their amides, are often present in relatively high amounts, but the concentrations
of the other amino acids of proteins are extremely low, ranging from a fraction of a
milligram to several milligrams per 100 g wet weight of tissue. The presence of free amino
acids in only trace amounts points to the existence of extraordinarily efficient regulation
mechanisms. Each amino acid is ordinarily synthesized at precisely the rate needed for
protein synthesis.

General properties

The amino acids are characterized physically by the following: (1) the pKi, or the
dissociation constant of the various titratable groups; (2) the isoelectric point, or pH at
which a dipolar ion does not migrate in an electric field; (3) the optical rotation, or the
rotation imparted to a beam of plane-polarized light (frequently the D line of the sodium
spectrum) passing through 1 decimeter of a solution of 100 grams in 100 milliliters; and (4)
solubility. See also Ionic equilibrium; Isoelectric point; Optical activity.

Since all of the amino acids except glycine possess a center of asymmetry at the a carbon
atom, they can exist in either of two optically active, mirror-image forms, or
enantiomorphs. All of the common amino acids of proteins appear to have the same
configuration about the a carbon; this configuration is symbolized by the prefix L-. The
opposite, generally unnatural, form is given the prefix D-. Some amino acids, such as
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isoleucine, threonine, and hydroxyproline, have a second center of asymmetry and can
exist in four stereoisomeric forms. See also Stereochemistry.

At ordinary temperatures, the amino acids are white crystalline solids; when heated to high
temperatures, they decompose rather than melt. They are stable in agueous solution, and
with few exceptions can be heated as high as 120°C (248°F) for short periods without
decomposition, even in acid or alkaline solution. Thus, the hydrolysis of proteins can be
carried out under such conditions with the complete recovery of most of the constituent
free amino acids.

Biosynthesis

Since amino acids, as precursors of proteins, are essential to all organisms, all cells must
be able to synthesize those they cannot obtain from their environment. The selective
advantage of being able rapidly to shift from endogenous to exogenous sources of these
compounds has led to the evolution of very complex and precise methods of adjusting the
rate of synthesis to the available level of the compound. An immediately effective control is
that of feedback inhibition. The biosynthesis of amino acids usually requires at least three
enzymatic steps. In most cases so far examined, the amino acid end product of the
biosynthetic pathway inhibits the first enzyme to catalyze a reaction specific to the
biosynthesis of that amino acid. This inhibition is extremely specific; the enzymes involved
have special sites for binding the inhibitor. This inhibition functions to shut off the pathway
in the presence of transient high levels of the product, thus saving both carbon and energy
for other biosynthetic reactions. When the level of the product decreases, the pathway
begins to function once more.

The metabolic pathways by which amino acids are synthesized generally are found to be the
same in all living cells investigated, whether microbial or animal. Biosynthetic mechanisms
thus appear to have developed soon after the origin of life and to have remained unchanged
through the divergent evolution of modern organisms.

Biosynthetic pathway diagrams reveal only one quantitatively important reaction by which
organic nitrogen enters the amino groups of amino acids: the reductive amination of
a-ketoglutaric acid to glutamic acid by the enzyme glutamic acid dehydrogenase. All other
amino acids are formed either by transamination (transfer of an amino group, ultimately
from glutamic acid) or by a modification of an existing amino acid. An example of the
former is the formation of valine by transfer of the amino group from glutamic acid to
a-ketoisovaleric acid; an example of the latter is the reduction and cyclization of glutamic
acid to form proline.

Importance in nutrition

The nutritional requirement for the amino acids of protein can vary from zero, in the case of
an organism which synthesizes them all, to the complete list, in the case of an organism in
which all the biosynthetic pathways are blocked. There are 8 or 10 amino acids required by
certain mammals; most plants synthesize all of their amino acids, while microorganisms
vary from types which synthesize all, to others (such as certain lactic acid bacteria) which
require as many as 18 different amino acids.

World of the Body:
amino acids

Amino acids are the building blocks of proteins. They are so named because all have a basic
amino group (-NH2) and an acidic carboxyl group (-COOH). Peptides, polypeptides, and
proteins are formed from strings of amino acids joined together by the formation of peptide
bonds. All proteins are formed from combinations of only 20 different amino acids, whether
the proteins derive from bacteria or from man.

Amino acids are described as essential or non-essential. The non-essential ones can be
synthesized in the body but the essential amino acids are those which must be present in
the diet (phenylalanine, valine, tryptophan, threonine, lysine, leucine, isoleucine, and
methionine). If any one of these amino acids is missing from the diet then many proteins
which include this essential component cannot be synthesized. Consequently many other
amino acids cannot then be used; they are broken down (deaminated) and the nitrogen is
excreted as urea and creatinine, leading to a negative nitrogen balance, as more nitrogen is
excreted than is taken in as dietary protein.

The adult body cannot absorb whole proteins from the gut, although young babies are able
to absorb antibodies, which are proteins, from mother's milk; this provides passive
immunity for the first year or so of life. The digestive processes break down dietary protein
to amino acids and small peptides (two or more linked amino acids). Carriers, specific for a
single amino acid or a group of similar amino acids, are present in the cells lining the
intestine and are responsible for the specific uptake into these cells. Some dipeptides (and
maybe tripeptides) also have specialized carrier molecules for uptake in the intestine, and
the final stage of their digestion to amino acids takes place in these epithelial cells
themselves. Thence they move into the circulating blood; thus amino acids from the diet
enter the body's amino acid pool, mixing with other amino acids derived from the
breakdown of body proteins in the continual turnover associated with growth, repair, and
renewal of tissues. Cells of the different tissues take up selectively from the blood
whichever amino acids they need for synthesis of their own proteins. The circulating amino
acids gained from digestion are in no great danger of excretion via the kidneys: they are
filtered at the glomeruli but are mostly reabsorbed into the blood as they pass down the

http://www.answers.com/topic/amino-acid

10/03/2010 05:26 PM



amino acid: Definition from Answers.com

7 of 24

kidney tubules.

Finally, how is the dietary intake of protein linked to the need for amino acids, particularly
the essential ones? The linkage need not be a strong one, as connections exist between the
metabolism of amino acids and the metabolism of fats and carbohydrates. Further, there
can be conversion of one amino acid to another, at least for the non-essential amino acids.
These transamination reactions are common in tissues that have been damaged, as repair
and resynthesis take place. Thus after a myocardial infarction the level of the relevant
enzymes — transaminases — rises in the blood, and this measurement is used for
diagnostic purposes. Excess amino acids are subject to oxidative deamination: the amino
group is removed and excreted as nitrogen products and the residue converted either to a
ketone body, called acetoacetic acid (one of the products also of fat metabolism), or to
products readily converted to glucose. Amino acids are there-fore divided into ketogenic or
gluconeogenic (conversion to glucose) types.

Nitrogen losses in the urine may be greater than the nitrogen intake in the diet (negative
nitrogen balance) not only when the essential amino acids are missing, but also when the
calorie intake is adequate but the overall protein content of the diet is too low; this occurs
in kwashiorkor, common in poorly nourished children. If the diet is inadequate in calories as
well as deficient in protein, body proteins are broken down to form glucose for energy. This
can be prevented by giving glucose, which is thus said to be ‘protein-sparing’.

— Alan W. Cuthbert

See also peptides; proteins.

Food and Nutrition:

amino acids

The basic units from which proteins are made. Chemically compounds with an amino group
(-NH2) and a carboxyl group (-COOH) attached to the same carbon atom.

Eleven of the amino acids involved in proteins can be synthesized in the body, and so are
called non-essential or dispensable amino acids, since they do not have to be provided in
the diet. They are alanine, arginine, aspartic acid, asparagine, cysteine, glutamic acid,
glutamine, glycine, proline, serine, and tyrosine.

Nine amino acids cannot be synthesized in the body at all and so must be provided in the
diet; they are called the essential or indispensable amino acids—histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine. In addition,
arginine may be essential for infants, since their requirement is greater than their ability to
synthesize it. Two of the non-essential amino acids are made in the body from essential
amino acids: cysteine (and cystine) from methionine, and tyrosine from phenylalanine.

The limiting amino acid of a protein is that essential amino acid present in least amount
relative to the requirement for that amino acid. The ratio between the amount of the limiting
amino acid in a protein and the requirement for that amino acid provides a chemical
estimation of the nutritional value (protein quality) of that protein, termed chemical score.
Most cereal proteins are limited by lysine, and most animal and other vegetable proteins by
the sum of methionine + cysteine (the sulphur amino acids). In whole diets it is usually the
sulphur amino acids that are limiting.

A number of other amino acids also occur in proteins, including hydroxyproline,
hydroxylysine, y-carboxyglutamate and methylhistidine, but are nutritionally unimportant
since they cannot be re-utilized for protein synthesis. Other amino acids occur as
intermediates in metabolic pathways, but are not required for protein synthesis, and are
nutritionally unimportant, although they may occur in foods. These include homocysteine,
citrulline, and ornithine.

The amino acids can be classified by the chemical nature of the side-chain. Two are acidic:
glutamic acid (glutamate) and aspartic acid (aspartate), with a carboxylic acid (—COOQOH)
group in the side-chain. Three, lysine, arginine, and histidine, have basic side-chains.
Three, phenylalanine, tyrosine, and tryptophan, have aromatic side-chains. Three, leucine,
isoleucine, and valine, have a branched side-chain. These three have very similar
metabolism, and a rare genetic disease affecting their metabolism results in maple syrup
urine disease. Two, methionine and cysteine, contain sulphur in the side-chain; although
cysteine is not an essential amino acid, it can only be synthesized from methionine, and it is
conventional to consider the sum of methionine plus cysteine (the sulphur amino acids) in
respect to protein quality.

An alternative classification of the amino acids is by their metabolic fate; whether they can
be utilized for glucose synthesis or not. Those that can give rise to glucose are termed
glucogenic (or sometimes antiketogenic); those that give rise to ketones or acetate when
they are metabolized are termed ketogenic. Only leucine and lysine are purely ketogenic;
isoleucine, phenylalanine, tyrosine, and tryptophan give rise to both ketogenic and
glucogenic fragments; the remainder are purely glucogenic.

Food and Fitness:
amino acids
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These are the chemicals which form the building blocks of protein. There are about 80
naturally occurring amino acids, but only about 20 are used in proteins. Some amino acids,
the essential or indispensable amino acids, can be obtained only from the diet. The other
amino acids can be synthesized in the body provided that the total intake of protein is
adequate. Amino acids may be used as an energy source during endurance activities, but
they probably supply no more than 10 per cent of the body's demands. Some amino acids
(such as gamma-aminobutyric acid and glutamate) function as neurotransmitters, acting as
chemical intermediaries during the transmission of nerve impulses.

ESSENTIAL AMINO ACIDS
e histidine

® isoleucine

® |leucine

® lysine

o methionine

e phenylalanine

e threonine

e tryptophan

e valine

NON-ESSENTIAL AMINO ACIDS

® alanine

® arginine

® aspartic acid

e cysteine (made only from methionine)
e cystine (made only from methionine)
e glutamic acid

e glutamine

® glycine

e hydroxyproline

e ornithine

e proline

® serine

e tyrosine (made only from phenylalanine)

Dental Dictionary:
amino acid

n

An organic acid in which one of the CH hydrogen atoms has been replaced by NH2. Amino
acids are the building blocks of proteins.

Sports Science and Medicine:
amino acids

The building blocks of protein. They have an amine group (-NH2) and a carboxyl group
(-COOH ). There are about 80 naturally occurring amino acids, but only about 20 are used
in proteins. Some of the amino acids can be obtained only from the diet: these are called
essential amino acids and are used to manufacture the others. Amino acids may be used as
an energy source during endurance activities, but they probably supply no more than 10%
of the body's demands. Some amino acids, such as gamma-aminobutyric acid and
glutamate function as neurotransmitters, acting as chemical intermediaries during the
transmission of nerve impulses. The essential amino acids are histidine (essential for
children only), isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan,
and valine. The non-essential amino acids are alanine, arginine, aspartic acid, cysteine,
cystine, glutamic acid, glutamine, glycine, hydroxyproline, ornithine, proline, serine, and
tyrosine.

R i
G
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Amino ‘ Carboxylic
group M4 acid group
Amino acid

Nutrition Encyclopedia:
Amino Acids

Amino acids are the building blocks of protein. The body has twenty different amino acids
that act as these building blocks. Nonessential amino acids are those that the body can
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synthesize for itself, provided there is enough nitrogen, carbon, hydrogen, and oxygen
available. Essential amino acids are those supplied by the diet, since the human body either
cannot make them at all or cannot make them in sufficient quantity to meet its needs.
Under normal conditions, eleven of the amino acids are nonessential and nine are essential.

Structure

All amino acids have a similar chemical structure—each contains an amino group (NH), an

acid group (COOH), a hydrogen atom (H), and a distinctive side group that makes proteins
more complex than either carbohydrates or lipids. All amino acids are attached to a central
carbon atom (C).

The distinctive side group identifies each amino acid and gives it characteristics that attract
it to, or repel it from, the surrounding fluids and other amino acids. Some amino acid side
groups carry electrical charges that are attracted to water molecules (hydrophilic), while
others are neutral and are repelled by water (hydrophobic). Side-group characteristics
(shape, size, composition, electrical charge, and pH) work together to determine each
protein's specific function.

Essential amino acids|Nonessential amino acids
Histidine Alanine
Isoleucine Arginine
Leucine Asparagine
Lysine Aspartic acid
Methionine Cysteine
Phenylalanine Glutamic acid
Threonine Glutamine
Tr yptophan Glycine
Valine Proline

Serine
Tyrosine

The three-dimensional shape of proteins is derived from the sequence and properties of its
amino acids and determines its function and interaction with other molecules. Each amino
acid is linked to the next by a peptide bond, the name given to the link or attraction
between the acid (COOH) end of one amino acid and the amino end (NH) of another.
Proteins of various lengths are made when amino acids are linked together in this manner.
A dipeptide is two amino acids joined by a peptide bond, while a tripeptide is three amino
acids joined by peptide bonds.

The unique shapes of proteins enable them to perform their various tasks in the body. Heat,
acid, or other conditions can disturb proteins, causing them to uncoil or lose their shape
and impairing their ability to function. This is referred to as denaturation.

Functions of Proteins

Proteins act as enzymes, hormones, and antibodies. They maintain fluid balance and acid
and base balance. They also transport substances such as oxygen, vitamins, and minerals
to target cells throughout the body. Structural proteins, such as collagen and keratin, are
responsible for the formation of bones, teeth, hair, and the outer layer of skin, and they
help maintain the structure of blood vessels and other tissues. In contrast, motor proteins
use energy and convert it into some form of mechanical work (e.g., dividing cells,
contracting muscle).

Enzymes are proteins that facilitate chemical reactions without being changed in the
process. The inactive form of an enzyme is called a proenzyme. Hormones (chemical
messengers) are proteins that travel to one or more specific target tissues or organs, and
many have important regulatory functions. Insulin, for example, plays a key role in
regulating the amount of glucose in the blood. The body manufactures antibodies (giant
protein molecules), which combat invading antigens. Antigens are usually foreign
substances such as bacteria and viruses that have entered the body and could potentially
be harmful. Immunoproteins, also called immunoglobulins or antibodies, defend the body
from possible attack by these invaders by binding to the antigens and inactivating them.

Proteins help to maintain the body's fluid and electrolyte balance. This means that proteins
ensure that the proper types and amounts of fluid and minerals are present in each of the
body's three fluid compartments. These fluid compartments are intracellular (contained
within cells), extracellular (existing outside the cell), and intravascular (in the blood).
Without this balance, the body cannot function properly.

Proteins also help to maintain balance between acids and bases within body fluids. The
lower a fluid's pH, the more acidic it is. Conversely, the higher the pH, the less acidic the
fluid is. The body works hard to keep the pH of the blood near 7.4 (neutral). Proteins also
act as carriers, transporting many important substances in the bloodstream for delivery
throughout the body. For example, a lipoprotein transports fat and cholesterol in the blood.

Food Sources

Humans consume many foods that contain proteins or amino acids. One normally need not
worry about getting enough protein or amino acids in the typical American diet. Foods from
animal sources are typically rich in essential amino acids. These include chicken, fish, eggs,
dairy products, beef, and pork. With the increasing emphasis on vegetarian diets, plant
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sources of protein are gaining in popularity. Such sources include dried beans (black,
kidney, northern, red, and white beans), peas, soy, nuts, and seeds. Although plant
sources generally lack one or more of the essential amino acids, when combined with whole
grains such as rice, or by eating nuts or seeds with legumes, all the amino acids can be
obtained.

See also Diet; Fats; Malnutrition; Nutrients; Plant-based diets; Protein.
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Columbia Encyclopedia:

amino acid

amino acid (emeé'nd), any one of a class of simple organic compounds containing carbon,
hydrogen, oxygen, nitrogen, and in certain cases sulfur. These compounds are the building
blocks of proteins. They are characterized by the presence of a carboxyl group (COOH) and
an amino group (NH2) attached to the same carbon at the end of the compound. The 20
amino acids commonly found in animals are alanine, arginine, asparagine, aspartic acid,
cysteine, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine. More than 100
less common amino acids also occur in biological systems, particularly in plants. Every
amino acid except glycine can occur as either of two optically active stereoisomers, D or L;
the more common isomer in nature is the L-form. When the carboxyl carbon atom of one
amino acid covalently binds to the amino nitrogen atom of another amino acid with the
release of a water molecule, a peptide bond is formed. Amino acids are released in the
intestinal tract by the digestion of food proteins and are then carried in the bloodstream to
the body cells, where they are used for growth, maintenance, and repair. Cellular
catabolism breaks amino acids down into smaller fragments. Many of the amino acids
necessary in metabolism can be synthesized in the human or animal body when needed;
these are called nonessential. Others cannot be synthesized in sufficient quantities; these
are termed essential and must be provided in the diet.

Veterinary Dictionary:
amino acid

Any one of a class of organic compounds containing the amino (NH2) and the carboxyl
(COOH) group, occurring naturally in plant and animal tissues and forming the chief
constituents of protein.

In certain inherited or acquired disorders of metabolism, specific amino acids accumulate in
the blood (aminoacidemia) or are excreted in excess in the urine (aminoaciduria). Urinary
amino acid levels are increased in liver disease, muscular dystrophies, phenylketonuria
(PKU), lead poisoning and folic acid deficiency.

acidic a. a's — those containing carboxylic acids in their side chains, e.g. aspartate and

glutamate.

basic a. a's — amino acids containing side chains that accept protons at physiological

pH, e.g. lysine, arginine, and histidine.

branched-chain a. a's — methyl branched amino acids.

a. a. dehydratase — an enzyme which contributes significantly to the total production

of ammonia in the body.

essential a. a's — the amino acids which animals must ingest with their diets and

which vary between species and physiological status. The commonly accepted list of

essential amino acids includes arginine, histidine, isoleucine, leucine, lysine,

methionine, phenylalanine, threonine, tryptophan and valine. Birds also require glycine

and cats require taurine in their diets.

e free a. a's — amino acids free in the blood, providing an available source for all tissues

for catabolism.

glucogenic a. a. — an amino acid which yields either pyruvate or oxaloacetate and

glucose synthesis can occur.

ketogenic a. a. — an amino acid whose carbon skeleton yields ketone bodies; leucine

is an example.

a. a. nutritional deficiency — the effects may be the same as a deficiency of total

protein, reduced growth and production, reduced food intake, loss of body weight, but

deficiencies of individual amino acids may have specific effects, e.g. taurine in cats.

See also methionine, lysine, arginine.

e a. a. poisoning — methionine has caused growth retardation and cervical paralysis in
turkey poults.

e a. a. ratio — a decreased ratio of branched chain to aromatic amino acids in plasma
can be used to detect chronic liver disease or portacaval shunts in dogs.

e a. a. sequencer — automatic machine for determining the amino acid sequence of a

L]

protein.
e sulfur a. a's — essential amino acids containing sulfur, cysteine, cystine and
methionine.

e a. a. transamidation — see transamidation.
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The twenty-one amino acids found in eukaryotes,
grouped according to their side chains' pKa's and
charge at physiological pH 7.4

Amino acids are molecules containing an amine group, a carboxylic acid group and a side
chain that varies between different amino acids. These molecules contain the key elements
of carbon, hydrogen, oxygen, and nitrogen. These molecules are particularly important in

biochemistry, where this term usually refers to alpha-amino acids with the general formula

H2NCHRCOOH, where R is an organic substituent.'! In an alpha amino acid, the amino
group is attached to the carbon atom immediately adjacent to the carboxylate group (the
a-carbon), but note that other types of amino acid exist when the amino group is attached
to another carbon atom (for example, in gamma-amino acids such as gamma-amino-
butyric acid the carbon atom to which the amino group attaches is separated from the
carboxylate group by two other carbon atoms). The various alpha amino acids differ in
which side chain (R group) is attached to their alpha carbon and these can vary in size from
just one hydrogen atom in glycine or a methyl group in alanine, through to a large
heterocyclic group in tryptophan.

Amino acids are critical to life, and have many functions in metabolism. One particularly
important function is to serve as the building blocks of proteins, which are just linear chains
of amino acids, or more precisely, amino acid residues (the remaining part of an amino acid
once a water molecule has been lost due to peptide bonding). Every protein is chemically
defined by the order of amino acid residues, their primary structure and this, in turn,
determines their secondary structure (for example well-described features such as alpha-
helices or beta-pleated sheets), tertiary structure (the shape of the individual protein, for
example globular as in most enzymes or linear as in collagen) or quaternary structure (the
overall shape of the protein complex if several protein monomers are grouped together, as
in the hemoglobin complex, which consists of four hemoglobin monomers held together by
hydrogen bonds that are capable of reacting together allosterically when one or more of
them binds another molecule for example oxygen). Just as the letters of the alphabet can
be combined to form an almost endless variety of words, amino acids can be linked

together in varying sequences to form a vast variety of proteins.[;1 Amino acids are also
important in many other biological molecules, for example they play vital roles in
coenzymes such as S-adenosylmethionine. Due to their central role in biochemistry, amino
acids are very important in nutrition and are commonly used in food technology and
industry. For example, monosodium glutamate is a common flavor enhancer that gives
foods the taste called umami. They are also used in industry where applications include the
production of biodegradable plastics, drugs and chiral catalysts.
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History

The first few amino acids were discovered in the early 19th century. In 1806, the French
chemists Louis-Nicolas Vauquelin and Pierre Jean Robiquet isolated a compound in

asparagus that proved to be asparagine, the first amino acid to be discovered.2141 another
amino acid that was discovered in the early 19th century was cystine, in 1810,[il although
its monomer, cysteine, was discovered much later, in 1884.[416] Glycine and leucine were
also discovered around this time, in 1820.171 Usage of the term amino acid in the English
language is from @.[&

General structure

Further information: Proteinogenic amino acid
clo0-
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In the structure shown at the top of the page, R represents a side chain specific to each
amino acid. The carbon atom next to the carbonyl group is called the a-carbon and amino
acids with a side chain bonded to this carbon are referred to as alpha amino acids. These
are the most common form found in nature. In the alpha amino acids, the a-carbon is a

chiral carbon atom, with the exception ot’glycine.ﬁ1 In amino acids that have a carbon
chain attached to the a-carbon (such as lysine, shown to the right) the carbons are labeled
in order as q, B, vy, 0, and so on.[2% 1n some amino acids, the amine group is attached to
the B or y-carbon, and these are therefore referred to as beta or gamma amino acids.

Amino acids are usually classified by the properties of their side chain into four groups. The
side chain can make an amino acid a weak acid or a weak base, and a hydrophile if the side
chain is polar or a hydrophobe if it is nonpolar.2! The chemical structures of the

twenty-two standard amino acids, along with their chemical properties, are described more
fully in the article on these proteinogenic amino acids.

The phrase "branched-chain amino acids" or BCAA refers to the amino acids having
aliphatic side chains that are non-linear; these are leucine, isoleucine, and valine. Proline is
the only proteinogenic amino acid whose side group links to the a-amino group and, thus,

is also the only proteinogenic amino acid containing a secondary amine at this position.[21
Chemically, proline is therefore an imino acid since it lacks a primary amino group, 111
although it is still classed as an amino acid in the current biochemical nomenclature,[g1 and
may also be called an "N-alkylated alpha-amino acid", 131

;I;he two optical isomers of
alanine, D-Alanine and
L-Alanine

Isomerism

http://www.answers.com/topic/amino-acid

10/03/2010 05:26 PM



amino acid: Definition from Answers.com

14 of 24

Of the standard a-amino acids, all but glycine can exist in either of two optical isomers,
called L or D amino acids, which are mirror images of each other (see also Chirality). While
L-amino acids represent all of the amino acids found in proteins during translation in the
ribosome, D-amino acids are found in some proteins produced by enzyme posttranslational
modification after translation and translocation to the endoplasmic reticulum, as in exotic
sea-dwelling organisms such as cone snails.[141 They are also abundant components of the
peptidoglycan cell walls of bacteria.[*3! and p-serine may act as a neurotransmitter in the
brain.[28] The L and b convention for amino acid configuration refers not to the optical
activity of the amino acid itself, but rather to the optical activity of the isomer of
glyceraldehyde from which that amino acid can theoretically be synthesized
(D-glyceraldehyde is dextrorotary; L-glyceraldehyde is levorotary). Alternatively, the (S)
and (R) designators are used to indicate the absolute stereochemistry. Almost all of the
amino acids in proteins are (S) at the a carbon, with cysteine being (R) and glycine
non-chiral. 171 Cysteine is unusual since it has a sulfur atom at the first position in its
side-chain, which has a larger atomic mass than the groups attached to the a-carbon in the
other standard amino acids, thus the (R) instead of (S).

O & @ =
| 0 |
HN-oC- 7 H,N* -0 - (
OH | 0
R R

An amino acid in its (1) unionized and
(2) zwitterionic forms

Zwitterions

Amino acids have both amine and carboxylic acid functional groups and are therefore both

an acid and a base at the same time.[2! At a certain pH known as the isoelectric point an
amino acid has no overall charge, since the number of protonated ammonia groups

(positive charges) and deprotonated carboxylate groups (negative charges) are equal.Jﬁ1
The amino acids all have different isoelectric points. The ions produced at the isoelectric
point have both positive and negative charges and are known as a zwitterion, which comes
from the German word Zwitter meaning "hermaphrodite" or "hybrid".[ﬁ1 Amino acids can
exist as zwitterions in solids and in polar solutions such as water, but not in the gas
phase.[@1 Zwitterions have minimal solubility at their isolectric point and an amino acid can
be isolated by precipitating it from water by adjusting the pH to its particular isoelectric
point.

Occurrence and functions in biochemistry

A.polypeptide is an unbranched chain
of amino acids.

Standard amino acids

See also: Primary structure and Posttranslational modification

Amino acids are the structural units that make up proteins. They join together to form short
polymer chains called peptides or longer chains called either polypeptides or proteins.
These polymers are linear and unbranched, with each amino acid within the chain attached
to two neighboring amino acids. The process of making proteins is called translation and
involves the step-by-step addition of amino acids to a growing protein chain by a ribozyme
that is called a ribosome.[21] The order in which the amino acids are added is read through
the genetic code from an mRNA template, which is a RNA copy of one of the organism's
genes.

Twenty-two amino acids are naturally incorporated into polypeptides and are called
proteinogenic or standard amino acids.[21 of these twenty-two, twenty are encoded by the
universal genetic code. The remaining two, selenocysteine and pyrrolysine, are
incorporated into proteins by unique synthetic mechanisms. Selenocysteine is incorporated
when the mRNA being translated includes a SECIS element, which causes the UGA codon to
encode selenocysteine instead of a stop codon.[22] pyrrolysine is used by some
methanogenic archaea in enzymes that they use to produce methane. It is coded for with

the codon UAG, which is normally a stop codon in other organisms.lﬁ1
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Non-standard amino acids

Aside from the twenty-two standard amino acids, there are a vast number of
"non-standard" amino acids. These non-standard amino acids found in proteins are formed
by post-translational modification, which is modification after translation in protein
synthesis. These modifications are often essential for the function or regulation of a protein;
for example, the carboxylation of glutamate allows for better binding of calcium cations,lz—41
and the hydroxylation of proline is critical for maintaining connective tissues.[22] Another
example is the formation of hypusine in the translation initiation factor EIF5A, through
modification of a lysine residue.[28] Such modifications can also determine the localization
of the protein, e.g., the addition of long hydrophobic groups can cause a protein to bind to

a phospholipid membrane {1271

*HyN

\
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B-alanine and its a-alanine
isomer

Examples of nonstandard amino acids that are not found in proteins include lanthionine,
2-aminoisobutyric acid, dehydroalanine and the neurotransmitter gamma-aminobutyric
acid. Nonstandard amino acids often occur as intermediates in the metabolic pathways for
standard amino acids — for example ornithine and citrulline occur in the urea cycle, part of

amino acid catabolism (see below).[ﬁ1 A rare exception to the dominance of a-amino acids
in biology is the B-amino acid beta alanine (3-aminopropanoic acid), which is used in plants
and microorganisms in the synthesis of pantothenic acid (vitamin Bs), a component of

coenzyme al22l

In human nutrition

Further information: Protein in nutrition and Amino acid synthesis

When taken up into the human body from the diet, the twenty-one standard amino acids
are either used to synthesize proteins and other biomolecules or oxidized to urea and

carbon dioxide as a source of energy.[@1 The oxidation pathway starts with the removal of
the amino group by a transaminase, the amino group is then fed into the urea cycle. The

other product of transamidation is a keto acid that enters the citric acid cycle.[3—11
Glucogenic amino acids can also be converted into glucose, through gluconeogen(—:sis.lﬁ1

Pyrrolysine trait is restricted to several microbes, and only one organism has both Pyl and
Sec. Of the twenty-two standard amino acids, eight are called essential amino acids
because the human body cannot synthesize them from other compounds at the level

needed for normal growth, so they must be obtained from food.[33] However, the situation
is quite complicated since cysteine, taurine, tyrosine, histidine and arginine are
semiessential amino acids in children, because the metabolic pathways that synthesize

these amino acids are not fully developed.fﬁl[ﬁ1 The amounts required also depend on the

age and health of the individual, so it is hard to make general statements about the dietary
requirement for some amino acids.

Essential Nonessential
Isoleucine Alanine
Leucine Asparagine
Lysine Aspartic Acid
Methionine  Cysteine*
Phenylalanine Glutamic Acid
Threonine Glutamine*
Tryptophan Glycine*

Valine Proline*
Selenocysteine*
Serine*
Tyrosine*
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Arginine*
Histidine*
Ornithine*
Taurine*

(*) Essential only in certain cases. 361[37

Non-protein functions

Further information: Amino acid neurotransmitter

In humans, non-protein amino acids also have important roles as metabolic intermediates,
such as in the biosynthesis of the neurotransmitter gamma-aminobutyric acid. Many amino
acids are used to synthesize other molecules, for example:

e Tryptophan is a precursor of the neurotransmitter serotonin.[38]

e Glycine is a precursor of porphyrins such as heme.[321

e Arginine is a precursor of nitric oxide.[40]

e Ornithine and S-adenosylmethionine are precursors of polyamines.[ﬂl

e Aspartate, glycine and glutamine are precursors of nucleotides.[421
e Phenylalanine is a precursor of various phenylpropanoids which are important in plant
metabolism.

However, not all of the functions of other abundant non-standard amino acids are known,
for example taurine is a major amino acid in muscle and brain tissues, but although many

functions have been proposed, its precise role in the body has not been determined.[43]

Some non-standard amino acids are used as defenses against herbivores in plants.[ﬂl For
example canavanine is an analogue of arginine that is found in many Iegumes,[ﬁl and in

particularly large amounts in Canavalia gladiata (sword bean).[ﬁl This amino acid protects
the plants from predators such as insects and can cause illness in people if some types of

legumes are eaten without processing.[ﬂ1 The non-protein amino acid mimaosine is found in

other species of legume, particularly Leucaena leucocephala.[48] This compound is an
analogue of tyrosine and can poison animals that graze on these plants.

Uses in technology

Amino acids are used for a variety of applications in industry but their main use is as
additives to animal feed. This is necessary since many of the bulk components of these
feeds, such as soybeans, either have low levels or lack some of the essential amino acids:
lysine, methionine, threonine, and tryptophan are most important in the production of these

feeds.[42] The food industry is also a major consumer of amino acids, particularly glutamic
acid, which is used as a flavor enhancer,[ﬂ1 and Aspartame (aspartyl-phenylalanine-
1-methyl ester) as a low-calorie artificial sweetener.[>! The remaining production of amino
acids is used in the synthesis of drugs and cosmetics.[49]

Amino acid derivative Pharmaceutical application
5-HTP (5-hydroxytryptophan) Experimental treatment for depression.[22!
L-DOPA

. . [53]
(L-dihydroxyphenylalanine) Treatment for Parkinsonism.

Drug that inhibits ornithine decarboxylase and is used in

Eflornithine
the treatment of sleeping sickness.[341

Expanded genetic code

Main article: Expanded genetic code

Since 2001, 40 non-natural amino acids have been added into protein by creating a unique
codon (recoding) and a corresponding transfer-RNA:aminoacyl — tRNA-synthetase pair to
encode it with diverse physicochemical and biological properties in order to be used as a
tool to exploring protein structure and function or to create novel or enhanced proteins.
[551[56]1

Chemical building blocks

Further information: Asymmetric synthesis

Amino acids are important as low-cost feedstocks. These compounds are used in chiral pool
synthesis as enantiomerically-pure building blocks.[271

Amino acids have been investigated as precursors chiral catalysts, e.g. for asymmetric
hydrogenation reactions, although no commercial applications exist.[581

Biodegradable plastics

Further information: Biodegradable plastics and Biopolymers
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Amino acids are under development as components of a range of biodegradable polymers.
These materials have applications as environmentally-friendly packaging and in medicine in
drug delivery and the construction of prosthetic implants. These polymers include
polypeptides, polyamides, polyesters, polysulfides and polyurethanes with amino acids
either forming part of their main chains or bonded as side chains. These modifications alter

the physical properties and reactivities of the polymers.fﬁ1 An interesting example of such
materials is polyaspartate, a water-soluble biodegradable polymer that may have

applications in disposable diapers and agriculture.[m1 Due to its solubility and ability to
chelate metal ions, polyaspartate is also being used as a biodegradeable anti-scaling agent

and a corrosion inhibitor [611062] 1 addition, the aromatic amino acid tyrosine is being
developed as a possible replacement for toxic phenols such as bisphenol A in the

manufacture of polycarbonates.[@1

Reactions

As amino acids have both a primary amine group and a primary carboxyl group, these
chemicals can undergo most of the reactions associated with these functional groups.
These include nucleophilic addition, amide bond formation and imine formation for the
amine group and esterification, amide bond formation and decarboxylation for the

carboxylic acid t_:]roup.[ﬂ1 The multiple side chains of amino acids can also undergo

chemical reactions.[83] The types of these reactions are determined by the groups on these
side chains and are therefore different between the various types of amino acid.

o] KCN NH; H* NH
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R H NH4C| R S
N OH

%Iﬁe Strecker amino acid synthesis
Chemical synthesis

Main article: Peptide synthesis

Several methods exist to synthesize amino acids. One of the oldest methods, begins with
the bromination at the a-carbon of a carboxyic acid. Nucleophilic substitution with ammonia

then converts the alkyl bromide to the amino acid.[661 Alternatively, the Strecker amino acid

synthesis involves the treatment of an aldehyde with potassium cyanide and ammonia, this
produces an a-amino nitrile as an intermediate. Hydrolysis of the nitrile in acid then yields a

a-amino acid.[67] Using ammonia or ammonium salts in this reaction gives unsubstituted
amino acids, while substituting primary and secondary amines will yield substituted amino

acids.[681 Likewise, using ketones, instead of aldehydes, gives a,a-disubstituted amino
acids.[82] The classical synthesis gives racemic mixtures of a-amino acids as products, but

several alternative procedures using asymmetric auxiliaries [701 op asymmetric catalysts
711[72] haye been developed.lﬁl

Currently the most adopted method is an automated synthesis on a solid support (e.g.
polystyrene beads), using protecting groups (e.g. Fmoc and t-Boc) and activating groups
(e.g. DCC and DIC).

Peptide bond formation

For more details on this topic, see Peptide bond.
Amino acid (1) H Amino acid (2)

Water

Dipeptide

The condensation of two amino acids to form a
peptide bond

As both the amine and carboxylic acid groups of amino acids can react to form amide
bonds, one amino acid molecule can react with another and become joined through an
amide linkage. This polymerization of amino acids is what creates proteins. This
condensation reaction yields the newly formed peptide bond and a molecule of water. In
cells, this reaction does not occur directly; instead the amino acid is first activated by
attachment to a transfer RNA molecule through an ester bond. This aminoacyl-tRNA is
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produced in an ATP-dependent reaction carried out by an aminoacyl tRNA synthetase.[741
This aminoacyl-tRNA is then a substrate for the ribosome, which catalyzes the attack of the

amino group of the elongating protein chain on the ester bond.[72] As a result of this
mechanism, all proteins made by ribosomes are synthesized starting at their N-terminus
and moving towards their C-terminus.

However, not all peptide bonds are formed in this way. In a few cases, peptides are
synthesized by specific enzymes. For example, the tripeptide glutathione is an essential part
of the defenses of cells against oxidative stress. This peptide is synthesized in two steps
from free amino acids.[Z8] In the first step gamma-glutamylcysteine synthetase condenses
cysteine and glutamic acid through a peptide bond formed between the side-chain carboxyl
of the glutamate (the gamma carbon of this side chain) and the amino group of the
cysteine. This dipeptide is then condensed with glycine by glutathione synthetase to form

glutathione.[ﬂ1

In chemistry, peptides are synthesized by a variety of reactions. One of the most used in
solid-phase peptide synthesis, which uses the aromatic oxime derivatives of amino acids as
activated units. These are added in sequence onto the growing peptide chain, which is

attached to a solid resin support.[E1 The ability to easily synthesize vast numbers of
different peptides by varying the types and order of amino acids (using combinatorial
chemistry) has made peptide synthesis particularly important in creating libraries of

peptides for use in drug discovery through high-throughput screening.[721

Biosynthesis and catabolism

In plants, nitrogen is first assimilated into organic compounds in the form of glutamate,
formed from alpha-ketoglutarate and ammonia in the mitochondrion. In order to form other
amino acids, the plant uses transaminases to move the amino group to another alpha-keto
carboxylic acid. For example, aspartate aminotransferase converts glutamate and

oxaloacetate to alpha-ketoglutarate and aspartate.[&1 Other organisms use transaminases
for amino acid synthesis too. Transaminases are also involved in breaking down amino
acids. Degrading an amino acid often involves moving its amino group to alpha-
ketoglutarate, forming glutamate. In many vertebrates, the amino group is then removed
through the urea cycle and is excreted in the form of urea. However, amino acid
degradation can produce uric acid or ammonia instead. For example, serine dehydratase

converts serine to pyruvate and ammonia.[811

Nonstandard amino acids are usually formed through modifications to standard amino
acids. For example, homocysteine is formed through the transsulfuration pathway or by the

demethylation of methionine via the intermediate metabolite S-adenosyl methionine,[43]

while hydroxyproline is made by a posttranslational modification of proline.[821

Microorganisms and plants can synthesize many uncommon amino acids. For example,
some microbes make 2-aminoisobutyric acid and lanthionine, which is a sulfide-bridged
derivative of alanine. Both of these amino acids are found in peptidic lantibiotics such as
alamethicin.[®31 while in plants, 1-aminocyclopropane-1-carboxylic acid is a small
disubstituted cyclic amino acid that is a key intermediate in the production of the plant

hormone ethylene.[B—41

Physicochemical properties of amino acids

The 20 amino acids encoded directly by the genetic code can be divided into several groups
based on their properties. Important factors are charge, hydrophilicity or hydrophobicity,

size and functional groups.[gl These properties are important for protein structure and
protein—protein interactions. The water-soluble proteins tend to have their hydrophobic
residues (Leu, Ile, Val, Phe and Trp) buried in the middle of the protein, whereas hydrophilic
side chains are exposed to the aqueous solvent. The integral membrane proteins tend to
have outer rings of exposed hydrophobic amino acids that anchor them into the lipid
bilayer. In the case part-way between these two extremes, some peripheral membrane
proteins have a patch of hydrophobic amino acids on their surface that locks onto the
membrane. Similarly, proteins that have to bind to positively-charged molecules have
surfaces rich with negatively charged amino acids like glutamate and aspartate, while
proteins binding to negatively-charged molecules have surfaces rich with positively charged
chains like lysine and arginine. There are different hydrophobicity scales of amino acid
residues.[851

Some amino acids have special properties such as cysteine, that can form covalent disulfide
bonds to other cysteine residues, proline that forms a cycle to the polypeptide backbone,
and glycine that is more flexible than other amino acids.

Many proteins undergo a range of posttranslational modifications, when additional chemical
groups are attached to the amino acids in proteins. Some modifications can produce
hydrophobic Iipoproteins,[&1 or hydrophilic glycoproteins.lﬂ1 These type of modification
allow the reversible targeting of a protein to a membrane. For example, the addition and
removal of the fatty acid palmitic acid to cysteine residues in some signaling proteins
causes the proteins to attach and then detach from cell membranes. 1881

Table of standard amino acid abbreviations and properties
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sid hai € at Amax
. . ide chain -3
Side chain Hydropathy Absorbance (x10
Amino Acid 3- (891 4. [891 charge (pH
3-Lette 1-Letter polarityfﬁl 5 4)[3_9_1 index[291 Amax(nm)w m-1
cm—l)[9_11
Alanine Ala A nonpolar neutral 1.8
Arginine Arg R polar positive -4.5
Asparagine Asn N polar neutral -3.5
Aspartic acid Asp D polar negative -3.5
Cysteine Cys C nonpolar neutral 2.5 250 0.3
Glutamic acid Glu E polar negative -3.5
Glutamine Gin Q polar neutral -3.5
Glycine Gly G nonpolar neutral -0.4
positive(10%)
Histidine His H polar neutral(90%) -3.2 211 5.9
Isoleucine Ile I nonpolar neutral 4.5
Leucine Leu L nonpolar neutral 3.8
Lysine Lys K polar positive -3.9
Methionine Met M nonpolar neutral 1.9
Phenylalanine Phe F nonpolar neutral 2.8 257, 206, 188 0'2’0963’
Proline Pro P nonpolar neutral -1.6
Serine Ser S polar neutral -0.8
Threonine Thr T polar neutral -0.7
Tryptophan Trp w nonpolar neutral -0.9 280, 219 5.6, 47.0
Tyrosine Tyr Y polar neutral -1.3 274, 222, 193 1'1’880'0’
Valine Val \Y nonpolar neutral 4.2

Additionally, there are two additional amino acids which are incorporated by overriding stop
codons:

21st and 22nd amino acids 3-Letter 1-Letter

Selenocysteine Sec U
Pyrrolysine Pyl (e}

In addition to the specific amino acid codes, placeholders are used in cases where chemical
or crystallographic analysis of a peptide or protein can not conclusively determine the
identity of a residue.

Ambiguous Amino Acids 3-Letter 1-Letter

Asparagine or aspartic acid Asx B
Glutamine or glutamic acid Glx 4
Leucine or Isoleucine Xle ]
Unspecified or unknown amino acid  Xaa X

Unk is sometimes used instead of Xaa, but is less standard.

Additionally, many non-standard amino acids have a specific code. For example, several
peptide drugs, such as Bortezomib or MG132 are artificially synthesized and retain their
protecting groups, which have specific codes. Bortezomib is Pyz-Phe-boroLeu and MG132 is
Z-Leu-Leu-Leu-al. Additionally, To aid in the analysis of protein structure, photocrosslinking
amino acid analogues are available. These include photoleucine (pLeu) and

photomethionine (pMet).[ﬁ1

See also

e Amino acid datin

e Beta amino acid

e Degron

e Glucogenic amino acid

e Homochirality

e Leucines

e Miller-Urey experiment

e Proteinogenic amino acid (including chemical structures)

e Table of codons, 3-nucleotide sequences that encode each amino acid
e Polyamide

References and notes
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Amino acids are molecules containing an amine group, a carboxylic acid
group and a side chain that varies between different amino acids. These
molecules contain the key elements of carbon, hydrogen, oxygen, and
nitrogen. These molecules are particularly important in biochemistry, where
this term usually refers to alpha-amino acids with the general formula

HoNCHRCOOH, where R is an organic substituent.l'! In an alpha amino
acid, the amino group is attached to the carbon atom immediately adjacent
to the carboxylate group (the o—carbon), but note that other types of amino
acid exist when the amino group is attached to another carbon atom (for

http://en.wikipedia.org/wiki/Amino_acid

"

The general structure of an
alpha amino acid.

example, in gamma-amino acids such as gamma-amino-butyric acid the

carbon atom to which the amino group
attaches is separated from the
carboxylate group by two other
carbon atoms). The various alpha
amino acids differ in which side chain
(R group) is attached to their alpha
carbon and these can vary in size from
just one hydrogen atom in glycine or a
methyl group in alanine, through to a
large heterocyclic group in
tryptophan.

Amino acids are critical to life, and
have many functions in metabolism.
One particularly important function is
to serve as the building blocks of
proteins, which are just linear chains
of amino acids, or more precisely,
amino acid residues (the remaining
part of an amino acid once a water
molecule has been lost due to peptide
bonding). Every protein is chemically
defined by the order of amino acid
residues, their primary structure and
this, in turn, determines their
secondary structure (for example
well-described features such as alpha-
helices or beta-pleated sheets), tertiary
structure (the shape of the individual
protein, for example globular as in
most enzymes or linear as in collagen)
or quaternary structure (the overall
shape of the protein complex if
several protein monomers are grouped
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The twenty-one amino acids found in eukaryotes, grouped according
to their side chains' pKa's and charge at physiological pH 7.4
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together, as in the hemoglobin complex, which consists of four hemoglobin monomers held together by
hydrogen bonds that are capable of reacting together allosterically when one or more of them binds another
molecule for example oxygen). Just as the letters of the alphabet can be combined to form an almost endless

variety of words, amino acids can be linked together in varying sequences to form a vast variety of proteins.[z]
Amino acids are also important in many other biological molecules, for example they play vital roles in
coenzymes such as S-adenosylmethionine. Due to their central role in biochemistry, amino acids are very
important in nutrition and are commonly used in food technology and industry. For example, monosodium
glutamate is a common flavor enhancer that gives foods the taste called umami. They are also used in industry
where applications include the production of biodegradable plastics, drugs and chiral catalysts.
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History

The first few amino acids were discovered in the early 19th century. In 1806, the French chemists Louis-Nicolas
Vauquelin and Pierre Jean Robiquet isolated a compound in asparagus that proved to be asparagine, the first

amino acid to be discovered.[>1*] Another amino acid that was discovered in the early 19th century was cystine,
in 1810,[5] although its monomer, cysteine, was discovered much later, in 1884.14116] Glycine and leucine were
also discovered around this time, in 1820.171 Usage of the term amino acid in the English language is from
1898.[8
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General structure

Further information: Proteinogenic amino acid

In the structure shown at the top of the page, R represents a side chain specific to each C1O0-
amino acid. The carbon atom next to the carbonyl group is called the o—carbon and o | 2
amino acids with a side chain bonded to this carbon are referred to as alpha amino acids. HNT —C—H

5l

These are the most common form found in nature. In the alpha amino acids, the a—carbon Cflg
is a chiral carbon atom, with the exception of glycine.[9] In amino acids that have a Tl

. . . CHs
carbon chain attached to the a—carbon (such as lysine, shown to the right) the carbons are al s
labeled in order as a, B, v, 6, and so on.l1% In some amino acids, the amine group is m_li
attached to the B or y-carbon, and these are therefore referred to as beta or gamma amino chiﬂ
acids. |

NH;

Amino acids are usually classified by the properties of their side chain into four groups. Lysine with the
The side chain can make an amino acid a weak acid or a weak base, and a hydrophile if carbon atoms in
the side chain is polar or a hydrophobe if it is nonpolar.[9] The chemical structures of the the side chain
twenty-two standard amino acids, along with their chemical properties, are described labeled

more fully in the article on these proteinogenic amino acids.

The phrase "branched-chain amino acids" or BCAA refers to the amino acids having aliphatic side chains that
are non-linear; these are leucine, isoleucine, and valine. Proline is the only proteinogenic amino acid whose side

group links to the a-amino group and, thus, is also the only proteinogenic amino acid containing a secondary

amine at this position.[g] Chemically, proline is therefore an imino acid since it lacks a primary amino group,[1 1]

although it is still classed as an amino acid in the current biochemical nomenclature,[lz]

[13]

and may also be called
an "N-alkylated alpha-amino acid".

Isomerism

Of the standard a-amino acids, all but glycine can exist in either of two
optical isomers, called L or D amino acids, which are mirror images of
cach other (see also Chirality). While L-amino acids represent all of the
amino acids found in proteins during translation in the ribosome,
D-amino acids are found in some proteins produced by enzyme
posttranslational modification after translation and translocation to the

endoplasmic reticulum, as in exotic sea-dwelling organisms such as cone
[14]

The two optical isomers of alanine, .
D-Alanine and L-Alanine snails.
walls of bacteria.

They are also abundant components of the peptidoglycan cell

[15] and D-serine may act as a neurotransmitter in the

brain.l'®) The L and D convention for amino acid configuration refers not
to the optical activity of the amino acid itself, but rather to the optical activity of the isomer of glyceraldehyde
from which that amino acid can theoretically be synthesized (D-glyceraldehyde is dextrorotary;
L-glyceraldehyde is levorotary). Alternatively, the (S) and (R) designators are used to indicate the absolute
stereochemistry. Almost all of the amino acids in proteins are (S) at the a carbon, with cysteine being (R) and
glycine non-chiral.[1”] Cysteine is unusual since it has a sulfur atom at the first position in its side-chain, which

has a larger atomic mass than the groups attached to the a-carbon in the other standard amino acids, thus the (R)
instead of (S).
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Zwitterions

Amino acids have both amine and carboxylic acid
functional groups and are therefore both an acid and a |

base at the same time.l’] At a certain pH known as the
isoelectric point an amino acid has no overall charge,
since the number of protonated ammonia groups
(positive charges) and deprotonated carboxylate groups

(negative charges) are equal.[lg] The amino acids all
have different isoelectric points. The ions produced at
the isoelectric point have both positive and negative
charges and are known as a zwitterion, which comes

An amino acid in its (1) unionized and (2)
zwitterionic forms

from the German word Zwitter meaning "hermaphrodite" or "hybrid".[19] Amino acids can exist as zwitterions

in solids and in polar solutions such as water, but not in the gas phase.[zo] Zwitterions have minimal solubility at
their isolectric point and an amino acid can be isolated by precipitating it from water by adjusting the pH to its
particular isoelectric point.

Occurrence and functions in biochemistry

Standard amino acids

See also: Primary structure and Posttranslational
modification

Amino acids are the structural units that make up proteins.
They join together to form short polymer chains called
peptides or longer chains called either polypeptides or
proteins. These polymers are linear and unbranched, with
each amino acid within the chain attached to two
neighboring amino acids. The process of making proteins is
called translation and involves the step-by-step addition of

amino acids to a growing protein chain by a ribozyme that is
[21]

Arming Acad

A polypeptide is an unbranched chain of amino
acids.

called a ribosome.'”"! The order in which the amino acids
are added is read through the genetic code from an mRNA template, which is a RNA copy of one of the
organism's genes.

Twenty-two amino acids are naturally incorporated into polypeptides and are called proteinogenic or standard

amino acids.[” Of these twenty-two, twenty are encoded by the universal genetic code. The remaining two,
selenocysteine and pyrrolysine, are incorporated into proteins by unique synthetic mechanisms. Selenocysteine

is incorporated when the mRNA being translated includes a SECIS element, which causes the UGA codon to
encode selenocysteine instead of a stop codon.!?%] Pyrrolysine is used by some methanogenic archaea in
enzymes that they use to produce methane. It is coded for with the codon UAG, which is normally a stop codon

in other organisms.[23]

10/03/2010 05:11 PM

http://en.wikipedia.org/wiki/Amino_acid



Amino acid - Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Amino_acid

Non-standard amino acids
H Se Aside from the twenty-two standard amino acids, there are a vast
number of "non-standard" amino acids. These non-standard amino acids
found in proteins are formed by post-translational modification, which is
O H modification after translation in protein synthesis. These modifications
H 2 N are often essential for the function or regulation of a protein; for
example, the carboxylation of glutamate allows for better binding of

(241 and the hydroxylation of proline is critical for

O calcium cations,
[25]

maintaining connective tissues.'”~' Another example is the formation of
The amino acid selenocysteine hypusine in the translation initiation factor EIF5A, through modification
of a lysine residue.[?6] Such modifications can also determine the
localization of the protein, e.g., the addition of long hydrophobic groups can cause a protein to bind to a

phospholipid membrane.[*7]

Examples of nonstandard amino acids that are not found in proteins HN

include lanthionine, 2-aminoisobutyric acid, dehydroalanine and the Pl -
neurotransmitter gamma-aminobutyric acid. Nonstandard amino 1 ’ |

acids often occur as intermediates in the metabolic pathways for H Ha2o s
standard amino acids — for example ornithine and citrulline occur A 4 \:m:' ¥ \COO.
in the urea cycle, part of amino acid catabolism (see below).[zg] A -

rare exception to the dominance of a-amino acids in biology is the L-c¢-alanine f-alanine
B-amino acid beta alanine (3-aminopropanoic acid), which is used in B-alanine and its a-alanine isomer

plants and microorganisms in the synthesis of pantothenic acid

(vitamin Bs), a component of coenzyme AL

In human nutrition

Further information: Protein in nutrition and Amino acid synthesis

When taken up into the human body from the diet, the twenty-one standard amino acids are either used to

synthesize proteins and other biomolecules or oxidized to urea and carbon dioxide as a source of energy.[m] The
oxidation pathway starts with the removal of the amino group by a transaminase, the amino group is then fed

into the urea cycle. The other product of transamidation is a keto acid that enters the citric acid cycle.Dl]

Glucogenic amino acids can also be converted into glucose, through gluconeogenesis.[3 2]

Pyrrolysine trait is restricted to several microbes, and only one organism has both Pyl and Sec. Of the
twenty-two standard amino acids, eight are called essential amino acids because the human body cannot
synthesize them from other compounds at the level needed for normal growth, so they must be obtained from

food.[*3] However, the situation is quite complicated since cysteine, taurine, tyrosine, histidine and arginine are
semiessential amino acids in children, because the metabolic pathways that synthesize these amino acids are not

fully developed.[3 41351 The amounts required also depend on the age and health of the individual, so it is hard to
make general statements about the dietary requirement for some amino acids.

Essential Nonessential

Isoleucine Alanine
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Leucine Asparagine
Lysine Aspartic Acid
Methionine | Cysteine*
Phenylalanine | Glutamic Acid
Threonine Glutamine*
Tryptophan | Glycine*
Valine Proline*
Selenocysteine*
Serine*
Tyrosine*
Arginine*
Histidine*
Ornithine*

Taurine*

(*) Essential only in certain cases. 20137

Non-protein functions

Further information: Amino acid neurotransmitter

In humans, non-protein amino acids also have important roles as metabolic intermediates, such as in the
biosynthesis of the neurotransmitter gamma-aminobutyric acid. Many amino acids are used to synthesize other
molecules, for example:

m Tryptophan is a precursor of the neurotransmitter serotonin.[3%!

[39]

Glycine is a precursor of porphyrins such as heme.

m Arginine is a precursor of nitric oxide.!4"]

Ornithine and S-adenosylmethionine are precursors of polyarnines.[41]

[42]

Aspartate, glycine and glutamine are precursors of nucleotides.
Phenylalanine is a precursor of various phenylpropanoids which are important in plant metabolism.

However, not all of the functions of other abundant non-standard amino acids are known, for example taurine is
a major amino acid in muscle and brain tissues, but although many functions have been proposed, its precise role

in the body has not been determined.[*]

Some non-standard amino acids are used as defenses against herbivores in plants.[44]

For example canavanine is
an analogue of arginine that is found in many legumes,[45] and in particularly large amounts in Canavalia
gladiata (sword bean).[46] This amino acid protects the plants from predators such as insects and can cause
illness in people if some types of legumes are eaten without processing.[47] The non-protein amino acid

mimosine is found in other species of legume, particularly Leucaena Ieucocephala.[48]
analogue of tyrosine and can poison animals that graze on these plants.

This compound is an
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Uses in technology

Amino acids are used for a variety of applications in industry but their main use is as additives to animal feed.
This is necessary since many of the bulk components of these feeds, such as soybeans, either have low levels or
lack some of the essential amino acids: lysine, methionine, threonine, and tryptophan are most important in the

production of these feeds.[*” The food industry is also a major consumer of amino acids, particularly glutamic

acid, which is used as a flavor enhancer,[so] and Aspartame (aspartyl-phenylalanine-1-methyl ester) as a

low-calorie artificial sweetener. [51]

[49]

The remaining production of amino acids is used in the synthesis of drugs
and cosmetics.

Amino acid derivative Pharmaceutical application
5-HTP (5-hydroxytryptophan) Experimental treatment for depression.[sz]
L-DOPA [53]

(L-dihydroxyphenylalaninc) Treatment for Parkinsonism.

Drug that inhibits ornithine decarboxylase and is used in the treatment of

Eflornithine [54]

sleeping sickness.

Expanded genetic code

Main article: Expanded genetic code

Since 2001, 40 non-natural amino acids have been added into protein by creating a unique codon (recoding) and
a corresponding transfer-RNA:aminoacyl — tRNA-synthetase pair to encode it with diverse physicochemical and
biological properties in order to be used as a tool to exploring protein structure and function or to create novel or

enhanced proteins.[5 >][56]

Chemical building blocks
Further information: Asymmetric synthesis

Amino acids are important as low-cost feedstocks. These compounds are used in chiral pool synthesis as

enantiomerically-pure building blocks. [57]

Amino acids have been investigated as precursors chiral catalysts, e.g. for asymmetric hydrogenation reactions,

]

although no commercial applications exist.[>

Biodegradable plastics

Further information: Biodegradable plastics and Biopolymers

Amino acids are under development as components of a range of biodegradable polymers. These materials have
applications as environmentally-friendly packaging and in medicine in drug delivery and the construction of
prosthetic implants. These polymers include polypeptides, polyamides, polyesters, polysulfides and
polyurethanes with amino acids either forming part of their main chains or bonded as side chains. These

modifications alter the physical properties and reactivities of the polymers.[59] An interesting example of such
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materials is polyaspartate, a water-soluble biodegradable polymer that may have applications in disposable
diapers and agriculture.[60] Due to its solubility and ability to chelate metal ions, polyaspartate is also being used

as a biodegradeable anti-scaling agent and a corrosion inhibitor.!611162] 1 addition, the aromatic amino acid
tyrosine is being developed as a possible replacement for toxic phenols such as bisphenol A in the manufacture

of polycarbonates.[63]

Reactions

As amino acids have both a primary amine group and a primary carboxyl group, these chemicals can undergo
most of the reactions associated with these functional groups. These include nucleophilic addition, amide bond
formation and imine formation for the amine group and esterification, amide bond formation and

[64]

decarboxylation for the carboxylic acid group.t” " The multiple side chains of amino acids can also undergo

chemical reactions.!%>] The types of these reactions are determined by the groups on these side chains and are
therefore different between the various types of amino acid.

Chemical synthesis

0 KCN NH; H' NH2
,J-I\ — — R)\FO Main article: Peptide synthesis
R H NH.‘G| R e

N . : :
OH Several methods exist to synthesize amino

The Strecker amino acid synthesis acids. One of the oldest methods, begins

with the bromination at the a-carbon of a

carboxyic acid. Nucleophilic substitution with ammonia then converts the alkyl bromide to the amino acid.[6°]
Alternatively, the Strecker amino acid synthesis involves the treatment of an aldehyde with potassium cyanide
and ammonia, this produces an a-amino nitrile as an intermediate. Hydrolysis of the nitrile in acid then yields a

a-amino acid.!6”] Using ammonia or ammonium salts in this reaction gives unsubstituted amino acids, while

substituting primary and secondary amines will yield substituted amino acids.[68!

[69]

Likewise, using ketones,
The classical synthesis gives racemic mixtures of

[70]

instead of aldehydes, gives a,a-disubstituted amino acids.

a-amino acids as products, but several alternative procedures using asymmetric auxiliaries or asymmetric

catalysts (71721 have been developed.[73]

Currently the most adopted method is an automated synthesis on a solid support (e.g. polystyrene beads), using
protecting groups (e.g. Fmoc and t-Boc) and activating groups (e.g. DCC and DIC).

Peptide bond formation

For more details on this topic, see Peptide bond.
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As both the amine and carboxylic acid
groups of amino acids can react to form Amino acid (1) Amino acid (2)
amide bonds, one amino acid molecule can
react with another and become joined
through an amide linkage. This
polymerization of amino acids is what
creates proteins. This condensation reaction
yields the newly formed peptide bond and a
molecule of water. In cells, this reaction
does not occur directly; instead the amino
acid is first activated by attachment to a
transfer RNA molecule through an ester
bond. This aminoacyl-tRNA is produced in

an ATP-dependent reaction carried out by ﬁ
. . H
an aminoacyl tRNA synthetase.[74] This
aminoacyl-tRNA is then a substrate for the hong
ater

ribosome, which catalyzes the attack of the
amino group of the elongating protein chain
on the ester bond.[”>] As a result of this

mechanism, all proteins made by ribosomes
are synthesized starting at their N-terminus and moving towards their C-terminus.

Dipeptide

The condensation of two amino acids to form a peptide bond

However, not all peptide bonds are formed in this way. In a few cases, peptides are synthesized by specific
enzymes. For example, the tripeptide glutathione is an essential part of the defenses of cells against oxidative

stress. This peptide is synthesized in two steps from free amino acids.l’%] In the first step gamma-
glutamylcysteine synthetase condenses cysteine and glutamic acid through a peptide bond formed between the
side-chain carboxyl of the glutamate (the gamma carbon of this side chain) and the amino group of the cysteine.

This dipeptide is then condensed with glycine by glutathione synthetase to form glutathione.[77]

In chemistry, peptides are synthesized by a variety of reactions. One of the most used in solid-phase peptide
synthesis, which uses the aromatic oxime derivatives of amino acids as activated units. These are added in

sequence onto the growing peptide chain, which is attached to a solid resin support.[78] The ability to easily
synthesize vast numbers of different peptides by varying the types and order of amino acids (using combinatorial
chemistry) has made peptide synthesis particularly important in creating libraries of peptides for use in drug

discovery through high-throughput screening.[79]

Biosynthesis and catabolism

In plants, nitrogen is first assimilated into organic compounds in the form of glutamate, formed from alpha-
ketoglutarate and ammonia in the mitochondrion. In order to form other amino acids, the plant uses
transaminases to move the amino group to another alpha-keto carboxylic acid. For example, aspartate
aminotransferase converts glutamate and oxaloacetate to alpha-ketoglutarate and aspartate.[go] Other organisms
use transaminases for amino acid synthesis too. Transaminases are also involved in breaking down amino acids.
Degrading an amino acid often involves moving its amino group to alpha-ketoglutarate, forming glutamate. In
many vertebrates, the amino group is then removed through the urea cycle and is excreted in the form of urea.

However, amino acid degradation can produce uric acid or ammonia instead. For example, serine dehydratase

converts serine to pyruvate and ammonia. %]

Nonstandard amino acids are usually formed through modifications to standard amino acids. For example,
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homocysteine is formed through the transsulfuration pathway or by the demethylation of methionine via the

intermediate metabolite S-adenosyl methionine,[43]

[82]

while hydroxyproline is made by a posttranslational
modification of proline.

Microorganisms and plants can synthesize many uncommon amino acids. For example, some microbes make
2-aminoisobutyric acid and lanthionine, which is a sulfide-bridged derivative of alanine. Both of these amino

acids are found in peptidic lantibiotics such as alamethicin.!®¥ While in plants, 1-aminocyclopropane-
1-carboxylic acid is a small disubstituted cyclic amino acid that is a key intermediate in the production of the

plant hormone ethylene.[84]

Physicochemical properties of amino acids

The 20 amino acids encoded directly by the genetic code can be divided into several groups based on their

properties. Important factors are charge, hydrophilicity or hydrophobicity, size and functional groups.[g] These
properties are important for protein structure and protein—protein interactions. The water-soluble proteins tend
to have their hydrophobic residues (Leu, Ile, Val, Phe and Trp) buried in the middle of the protein, whereas
hydrophilic side chains are exposed to the aqueous solvent. The integral membrane proteins tend to have outer
rings of exposed hydrophobic amino acids that anchor them into the lipid bilayer. In the case part-way between
these two extremes, some peripheral membrane proteins have a patch of hydrophobic amino acids on their
surface that locks onto the membrane. Similarly, proteins that have to bind to positively-charged molecules have
surfaces rich with negatively charged amino acids like glutamate and aspartate, while proteins binding to

negatively-charged molecules have surfaces rich with positively charged chains like lysine and arginine. There

are different hydrophobicity scales of amino acid residues.[%]

Some amino acids have special properties such as cysteine, that can form covalent disulfide bonds to other
cysteine residues, proline that forms a cycle to the polypeptide backbone, and glycine that is more flexible than
other amino acids.

Many proteins undergo a range of posttranslational modifications, when additional chemical groups are attached

to the amino acids in proteins. Some modifications can produce hydrophobic lipoproteins,[86]

[87]

or hydrophilic
glycoproteins.'® ' These type of modification allow the reversible targeting of a protein to a membrane. For

example, the addition and removal of the fatty acid palmitic acid to cysteine residues in some signaling proteins

causes the proteins to attach and then detach from cell membranes. 8]

Table of standard amino acid abbreviations and properties

Main article: Proteinogenic amino acid

€ at Amax
Side chain = Side chain Absorbance | (x107
Amino Acid | 3- (891 1. [89] Hydropathy v
= 7.4)°7 0= = cm—l)[91]
Alanine Ala A nonpolar neutral 1.8
Arginine Arg R polar positive —4.5

10 of 18 10/03/2010 05:11 PM



Amino acid - Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Amino_acid

Asparagine Asn N polar neutral -3.5
Aspartic acid Asp D polar negative -3.5
Cysteine Cys C nonpolar neutral 2.5 250 0.3
Glutamic acid Glu E polar negative -3.5
Glutamine Gln Q polar neutral -3.5
Glycine Gly G nonpolar neutral -0.4
positive(10%)
Histidine His H polar neutral(90%) -3.2 211 59
Isoleucine Ile I nonpolar neutral 4.5
Leucine Leu L nonpolar neutral 3.8
Lysine Lys K polar positive -3.9
Methionine Met M nonpolar neutral 1.9
Phenylalanine Phe F nonpolar neutral 2.8 25 71’83306’ 026903 ’
Proline Pro P nonpolar neutral -1.6
Serine Ser S polar neutral —0.8
Threonine Thr T polar neutral -0.7
Tryptophan Trp W nonpolar neutral -0.9 280,219 | 5.6,47.0
Tyrosine Tyr Y polar neutral -1.3 271’9%22’ ! 3’8800’
Valine Val \Y nonpolar neutral 4.2

Additionally, there are two additional amino acids which are incorporated by overriding stop codons:

21st and 22nd amino acids | 3-Letter | 1-Letter
Selenocysteine Sec U

Pyrrolysine Pyl O

In addition to the specific amino acid codes, placeholders are used in cases where chemical or crystallographic
analysis of a peptide or protein can not conclusively determine the identity of a residue.

Ambiguous Amino Acids 3-Letter  1-Letter

Asparagine or aspartic acid Asx B
Glutamine or glutamic acid Glx V4
Leucine or Isoleucine Xle J

11 of 18 10/03/2010 05:11 PM



Amino acid - Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Amino_acid

12 of 18

Unspecified or unknown amino acid ~ Xaa X

Unk is sometimes used instead of Xaa, but is less standard.

Additionally, many non-standard amino acids have a specific code. For example, several peptide drugs, such as
Bortezomib or MG132 are artificially synthesized and retain their protecting groups, which have specific codes.
Bortezomib is Pyz-Phe-boroLeu and MG132 is Z-Leu-Leu-Leu-al. Additionally, To aid in the analysis of

protein structure, photocrosslinking amino acid analogues are available. These include photoleucine (pLeu) and

photomethionine (pMet).[gz]

See also

Amino acid dating

Beta amino acid

Degron

Glucogenic amino acid

Homochirality

Leucines

Miller—Urey experiment

Proteinogenic amino acid (including chemical structures)

Table of codons, 3-nucleotide sequences that encode each amino acid
Polyamide
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Summary: Neil deGrasse Tyson discusses the search for life in
the Universe. Are we alone?

Excerpts from the written testimony submitted by Neil deGrasse Tyson, Department of Astrophysics & Hayden Planetarium, American
Museum of Natural History, to the "Life in the Universe" hearings held by the House Subcommitee on Space and Aeronautics

The discovery of what is now more than seventy planets around stars other than the Sun continues to stimulate tremendous public and media
interest. It seems to me that this attention is driven not so much by the discovery of the extrasolar planets themselves, but by the prospect of
intelligent alien life.

People really care about whether or not we are alone in the Universe. When the person next to me
on a long airplane flight finds out that I am an astrophysicist, nine times out of ten they ask, with wide
eyes, about life in the Universe. Only later do they ask me about the big bang and black holes. |
know of no other discipline that triggers such a consistent and reliable reaction in public sentiment.
The questions "Are we alone?" and "What is our place in the Universe" just might be genetically
encoded in our species.

At the moment, life on Earth is the only known life in the Universe, but there are compelling

arguments to suggest we are not alone. Indeed, most astrophysicists accept a high probability of

Astronomers have announced findings

there being life elsewhere. If the count of planets in our solar system is not unusual, then there are ) )
that imply Gliese 876 has a planet at least

1.6 times as massive as Jupiter - making
this now one of the closest suspected

more planets in the Universe than the sum of all sounds and words ever uttered by every human who
has ever lived. The numbers are, well, astronomical. To declare that Earth must be the only planet in

the Universe with life would be inexcusably egocentric of us. planetary systems.

Credit: Digitized Sky Survey
Many generations of thinkers, both religious and scientific, have been led astray by anthropocentric

assumptions. In spite of a third century B.C. account of a sun-centered Universe proposed by the Greek philosopher Aristarchus, the Earth-
centered Universe was the standard view for most of the last 2000 years. Codified by the teachings of Aristotle and Ptolemy, and by the
preachings of the Roman Catholic Church, people generally accepted Earth as the center of all astrophysical motion. When the sixteenth
century Italian monk Giordano Bruno publicly suggested that the Universe was filled with planets that harbor life, he was burned at the stake.
Fortunately, today we live in somewhat more tolerant times.

In the absence of dogma and data, history tells us that it is prudent to be guided by the notion that we are not special. This is generally known
as the Copernican principle, named for the Polish astronomer Nicholas Copernicus who, in the mid-1500s, put the Sun back in the middle of
our solar system where it belongs. While there is no guarantee that the Copernican principle will guide us correctly for all scientific
discoveries, it has humbled our egos with the realization that Earth is not in the center of the solar system, the solar system is not in the
center of the Milky Way galaxy, and the Milky Way galaxy is not in the center of the Universe.
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Copernicus gave new currency to the ancient

If life itself is not immune to the Copernican principle, then how does life on Earth provide clues

M to what life might be like elsewhere in the Universe?

oon
I do not know whether biologists walk around every day awestruck by the diversity of life. |
certainly do. On this single planet called Earth, there co-exist (among countless other life forms),
algae, beetles, sponges, jellyfish, snakes, condors, and giant sequoias. Imagine these seven
living organisms lined up next to each other in order of size. If you didn't know better, you would
be hard-pressed to believe that they all came from the same Universe, much less the same
planet.

Try describing a snake to somebody who has never seen one: "You gotta believe me. There is

) this animal on Earth that (1) can stalk its prey with infrared detectors, (2) swallows whole live
Pythagorean hypothesis that the Sun was at

the center of the Universe and that the planets
(including the Earth) revolved around the Sun.

animals up to five times bigger than its head, (3) has no arms or legs or any other appendage,
yet (4) can slide along level ground at a speed of two feet per second!"

Given the diversity of life on Earth, one might expect to see a similar diversity in the aliens depicted by Hollywood. But | am consistently
amazed by the film industry's lack of creativity. With a few notable exceptions, Hollywood aliens look remarkably humanoid. No matter how
ugly (or cute) they are, nearly all of them have two eyes, a nose, a mouth, two ears, a head, a neck, shoulders, arms, hands, fingers, a torso,
two legs, two feet -- and they can walk. From an anatomical view, these creatures are practically indistinguishable from humans, yet they are
supposed to have come from another planet. If anything is certain, it is that life elsewhere in the Universe, intelligent or otherwise, will look at
least as exotic as some of Earth's own life forms.

Is life chemically special? The Copernican principle suggests that it probably isn't. Aliens need not look like us to resemble us in more
fundamental ways. Consider that the four most common elements in the Universe are hydrogen, helium, carbon, and oxygen. Helium is inert.

So the three most abundant, chemically active ingredients in the cosmos are also the top three ingredients in life on Earth. For this reason,
you can bet that if life is found on another planet, it will be made of a similar mix of elements. Conversely, if life on Earth were composed
primarily of, for example, molybdenum, bismuth, and plutonium, then we would have excellent reason to suspect that we were something
special in the Universe.

How about intelligence? Let us assume, for the sake of argument, that humans are the only species in the history of life on Earth to evolve
high-level intelligence. By some estimates, there have been more than ten billion species in the history of life on Earth. If life on Earth offers
any measure of life elsewhere in the Universe, then intelligence must be rare - we might expect that no better than about one in ten billion
alien life forms are as intelligent as we are.

The discovery of simple, unintelligent life forms elsewhere in the Universe (or evidence that they once existed) would be far more likely and,
for me, only slightly less exciting than the discovery of intelligent life.

But if intelligent alien civilizations do exist, and if they share our desire to communicate
through the vast distances of interstellar space, then radio waves would be the
communication band of choice. Radio waves can traverse the galaxy unimpeded by
interstellar gas and dust clouds. But earthlings have only understood the electromagnetic
spectrum for less than a century.

More depressingly put, for most of human history, had aliens tried to send radio signals to
earthlings we would have been incapable of receiving them. For all we know, the aliens have

The Arecibo radio telescope is currently the

already done this and unwittingly concluded that there was no intelligent life on Earth. They largest single-dish telescope in the world used in

radio astronomy. In 1974, Arecibo was used to

broadcast a message from Earth to the globular
same conclusion! star cluster M13.

would now be looking elsewhere. A more humbling possibility would be if aliens had become
aware of the technologically proficient species that now inhabits Earth, yet they had drawn the

Credit: NAIC - Arecibo Observatory, David
If we consider the possibility that we may rank as primitive among the Universe's Parker / Science Photo Library

technologically competent life forms -- however rare they may be -- then the best we can do is

keep alert for signals sent by others because it is far more expensive to send rather than receive them. Presumably, an advanced civilization
would have easy access to an abundant source of energy. These are the civilizations that would be more likely to send rather than receive
signals.
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The search for extraterrestrial intelligence (affectionately known by its acronym "SETI") has taken many forms. The most advanced efforts
today use a cleverly designed electronic detector that monitors, in its latest version, billions of radio channels in search of a signal that might
rise above the cosmic noise. The "SETI At Home" screen saver analyzes real data (downloaded from the Internet) for this type of an intelligent
signal. This software has been downloaded by more than 3 million PCs users around the world, which actively taps an astonishing level of
computing power from these plugged-in PCs that otherwise would be doing nothing. Indeed, "SETI At Home" is, by far, the largest
computational project in the history of the world. Public support for this enterprise is real and it is deep.

The discovery of extraterrestrial intelligence, if and when it happens, will impart a change in human self-perception that may be impossible to
anticipate. If we don't soon find life elsewhere, what will matter most is that we had not stopped looking. Our species demands that we keep

looking. Deep in our souls, we are intellectually curious nomads we search for other places and other life forms because we derive almost as
much fulfillment from the search as we do from the discovery.

Related Web Pages

Life in the Universe (SETI Institute)
SETI Institute Online (SETI Institute)

NASA Orgins (NASA)

The Search forExtrasolar Planets (exoplanets.org)
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Life beyond our Solar System

The chance of finding life beyond our Solar System took
a leap in 1995 when Michel Mayor and Didier Queloz at §#
the Geneva Observatory discovered the first planet |
orbiting another star. Since then, ground-based
telescopes have detected no fewer than 74 planets
orbiting 60 stars - and the number is rising almost
monthly.

Most of these planets, however, are large (at least the size of Jupiter) and orbit too close
to their stars for life's comfort. Earth-like planets, capable of supporting life as we know
it, will be much smaller and orbit their stars within 'habitable zones', that is at such a
distance and in such a way that liquid water can exist on their surfaces most of the time.

"About 1000 stars are being searched for planets at the moment and it seems that about
5 per cent of them have closely orbiting Jupiters. The reason we haven't detected small
planets is because our methods are not sensitive enough," says Alan Penny, a member
of the Darwin study team from the Rutherford Appleton Laboratory, United Kingdom. "If
you think of the extra-solar planets as the occupants of a zoo, we've only looked inside
one cage so far - the one containing large planets near to their star," he adds.

Increases in the sensitivity of ground-based telescopes are expected to take the size of
detectable extra-solar planets down to one sixth of a Jupiter, or 50 Earths in the next ten
years. But "space is best", says Penny and plans are afoot at ESA to launch three
spacecraft to look for Earth-like planets and the signs of life on them.

First will be Eddington with a possible launch date of 2008, which will search 500 000
stars for orbiting Earth-like planets. Next will be Gaia which will watch for stars wobbling
along their orbits because they are being tugged by planets. Finally, Darwin will employ a
sophisticated technique called nulling interferometry to detect Earth-like planets directly
and determine the composition of their atmospheres through spectral analysis.

"If we see oxygen or ozone, we'll know that something is pumping it out continuously, as
oxygen is very reactive and doesn't stay around long. People have wracked their brains
to think of methods of getting a lot of oxygen into the atmosphere that have nothing to do
with life - and they can't think of any. So in all probability, if we see oxygen or ozone, it
will mean life," says Penny.

Darwin, however, is a complex and challenging mission technologically. "Recent studies
by industry have shown Darwin to be feasible within the next decade," says Malcolm
Fridlund, Darwin study scientist at ESA. "Nevertheless, a very large amount of
technological preparatory work is needed which will be carried out in pre-cursor
missions over the next few years."

Whether it's looking for life close by in our Solar System or far away in distant galaxies,
ESA is forging forward with exciting and ambitious exploration plans to enable European
scientists and engineers come closer to answering the question: "Is there life out there?"

123456

http://sci2.esa.int/specialevents/lifeinuniverse/life.html
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Dust and gas

The Solar System condensed from a cloud of molecules and dust, similar to the clouds of
interstellar dust and gas observed in our Galaxy today. Discoveries over the past ten
years are revealing many similarities between dust elsewhere in the Galaxy and the
composition of comets.

"When we look at dust and gas in the interstellar medium, we see molecules that are
found on comets and on Earth. They are important components for building up more
complex molecules," says Pascale Ehrenfreund, an astrochemist from the Leiden
Observatory in the Netherlands and a co-investigator on ESA's Infrared Space
Observatory (1SO). Of the 120 molecules so far detected in interstellar gas, about half
are organic. "The largest has 13 atoms (HC11N), but we think there are much larger
molecules out there," says Ehrenfreund.

ISO helped detect many of these molecules. Most notable was its finding that water is
just about everywhere in space. In 2007, ESA's far infrared and submillimetre mission
the Herschel Space Observatory, will continue to unravel the complexities of interstellar
chemistry and further our understanding of star formation.

"We know that our Sun formed in a similar way to other stars which are forming in front
of our eyes (or at least our telescopes) today," says Goéran Pilbratt, ESA's project
scientist for Herschel. "What we don't know is to what extent planets form with these
stars - and the nature of these planets. This is a problem that must be addressed by
looking for and studying planets around already-formed stars, and by trying to
understand the process of star formation itself, which is one of the areas where
Herschel is expected to have a large impact.”

MORE

Last update: 8 November 2001
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Did comets bring water and the seeds for life?

Simple organic molecules containing carbon and nitrogen are the essential building blocks
of the complex organic chemistry found on Titan, on the early Earth or possibly on early
Mars. How did these simple organics come to be on these bodies in the first place? Were
they indigenous? Or were they deposited by impacting comets together with large
amounts of water?

Scientific opinion is shifting towards the view that
comets have played a significant role in seeding
the chemical building blocks of life. "An impacting
comet has the power to destroy life on Earth, but
we now think that comets may have also helped
to create life in the first place," says Gerhard
Schwehm, ESA's project scientist for the Rosetta
mission.

Comets are loose agglomerations of dust and ice
that orbit the Sun in the outer reaches of the Solar
System. Unlike the planets, they are thought to
have undergone little chemical processing since
their birth with the rest of the Solar System 4.5 billion years ago. Preserved inside them
may be unadulterated samples of the raw material out of which the Solar System formed.

Comets are remnants from the
formation of the Solar System

"We know that organic material is present in comets from remote-sensing observations
from Earth and spacecraft such as Giotto, which flew by comet Halley in 1986. But we
haven't been able to tell how complex the organic molecules are," says Simon Green a
Solar System scientist from the Open University, Milton Keynes, United Kingdom and
co-investigator on ESA's Rosetta spacecraft. Finding out will be one of Rosetta's tasks
when it arrives at Comet Wirtanen in 2012. "The Rosetta orbiter and lander will carry
sophisticated payloads that will study the composition of the dust and gas released from
the comet's nucleus and help to answer the question: did comets bring water and
organics to Earth?", says Schwehm.

MORE
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Titan - a natural laboratory for prebiotic chemistry

Titan is one of Saturn's 30 known moons. It is slightly less than half the volume of Mars.
The chemistry going on in its dense atmosphere, which consists largely of nitrogen,
methane (a carbon source) and hydrogen, is thought to be similar to the chemistry that
went on in Earth's early atmosphere before life transformed it into the air we breathe
today.

"When you study Titan, it's a bit like going back in
a time machine to Earth 4 billion years ago. The
atmosphere is a natural laboratory for studying
prebiotic chemistry on early Earth - the chemistry
that led to life," says Helmut Lammer from the
Space Research Institute of the Austrian
Academy of Sciences, Graz, Austria who is

"There's a very low probability of finding real life
there (it's far too cold and all the water is deep
frozen on or below the surface), but the chemistry

in the atmosphere may be very similar to the
The Huygens probe descends o the chemistry that preceded life on Earth.”
surface of Titan

When ESA's Huygens probe enters Titan's atmosphere in early 2005, one of its main
objectives will be to study this chemistry. The probe is hitching a lift aboard NASA's
Cassini spacecraft, which will also study Titan from orbit around Saturn. The two
spacecraft are already on the final leg of their journey between Jupiter and Saturn.

"Methane in Titan's atmosphere is continuously destroyed by ultraviolet light. To explain
the amount of the gas present in the atmosphere, we think there must be a large source
either on or under Titan's surface. It could be in the form of lakes or oceans, or
subsurface reservoirs," says Jean-Pierre Lebreton, ESA's project scientist for Huygens.

"Of course, we may not find the precise transformation that turned complex organic
compounds into living things. But the better we understand the chemistry, the better our
chance of working out how it led to life," says Francois Raulin, an astrobiologist from the
University of Paris, France and a co-investigator on Huygens.
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Life on Mars?

"If there's life on Mars today, | reckon it's a couple of kilometres underground living in
melted permafrost - or it could be alive and well in pockets of water under the north
polar ice cap," says David Wynn-Williams, a microbiologist with the Antarctic Astrobiology
Project at the British Antarctic Survey, Cambridge, United Kingdom and a member of
the Beagle 2 (the Mars Express lander) adjunct scientists group. His conclusion is based
on similarities between habitats in Antarctica, where microbial life exists in rocks and at
the bottom of extremely salty ice-covered lakes, and plausible Martian environments
where primitive micro-organisms could be eking out a meagre living.

The surface of Mars, however, is too dry, cold
and corrosive for any form of life to exist there
today. But that may not always have been the
case. There's plenty of evidence that the elixir of
life probably flowed copiously during the planet's
youth. Early in its history, Mars, like Earth, may
have been warm and wet. Indeed the conditions
for life may have arisen on Mars first, as the
planet is smaller than Earth and would have
cooled down first to temperatures suitable for life.

Are there underground aquifers on |t water did once flow and pool on Mars, where
Mars? did it go? Did life evolve there? Does it still hang

on by a thread in some protected niche? "The
only way of answering such questions is to go to Mars and take a look," says Agustin
Chicarro, Mars Express project scientist at ESA. "Mars Express, ESA's mission to the
Red Planet due for launch in 2003, will be the first spacecraft equipped to search
specifically for underground aquifers - and Beagle 2, the small lander it will carry, will
search for signatures of past and present life," he adds.

Europa - an ocean of liquid water?

Slightly smaller than our own Moon, Europa is one of Jupiter's 16 known moons. Its
surface is covered entirely with water ice. Beneath could lie an ocean of liquid water - or
SO recent space-based observations suggest.

If there's water could there be life? There's almost
certainly carbon on Europa, deposited perhaps by
meteorites or crashing comets, or originating in the
interior. However, the sunlight penetrating the thick
ice will be too weak to power the chemical
processes needed for life. So the answer probably UL W
depends on whether Europa’s interior is hot. If it is, Fragménted chunks of ice
then hot gases and molten rock, issuing from vents  jupiter's moon Europa

in the ocean floor, could create a chemical cocktail (Credit: PIRL, University of Arizona)
in the surrounding water just to the taste of some

forms of life, as happens near such hydrothermal vents on the Earth's ocean floor.

seen on

MORE
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Europe joins the search for life elsewhere in the Universe

At the dawn of the twenty-first century, the search for life beyond our planet is getting
serious and Europe is playing a full role. Over the next two years, the European Space
Agency will be sending two spacecraft (Rosetta and Mars Express) to search for clues
to life's origins elsewhere in our Solar System. A third ESA probe, Huygens is already on
its way to Titan, a planetary-sized laboratory for pre-biotic chemistry. ESA is also
planning a series of spacecraft (Eddington, Gaia and Darwin) to find planets orbiting
other stars and even to look for life's signatures on other worlds that look much like our
own. These missions are providing scientists from all over Europe with unprecedented
opportunities to unravel the origins of life.

Life in the Solar System

We're pretty sure that we're the only
intelligent beings lurking in our Solar System.
There's plenty of excitement, though, about
d finding micro-organisms elsewhere in our
neighbourhood. Recent discoveries on Earth
suggest that where there's organic (carbon-
based) chemistry, water and an energy
(Copyright: Calvin J. Hamilton) source, there's life - no matter what the
conditions. As these essentials are
commonplace in space, there's a good chance that life is too - or so the argument goes.

Living organisms have been found alive and well in environments on Earth so apparently
hostile that the presence of life on other Solar System bodies seems quite feasible. Mars,
the planet that most closely resembles Earth, and Europa, one of Jupiter's moons, both
show evidence of water, past or present, and so are the focus of plans to look for life
elsewhere in the Solar System. The possibility that Earth is not the only home for life,
however, begs questions.

Did life arise independently on each body? If not, could it have been transferred from one
to another? If so, was the common origin a 'seed' planted, perhaps, during collisions with
comets, or interstellar dust? Crucial to answering these questions will be greater
knowledge about the structure and composition of comets and interstellar dust. Saturn's
moon, Titan, also shows promise of revealing the conditions needed for basic organic
chemistry to evolve into the chemistry that eventually lead to life.

MORE
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Extraterrestrial life o o 2 + .=

From Wikipedia, the free encyclopedia

Extraterrestrial life is defined as life that does not originate from Earth
and sometimes described as extraterrestrial biological entities (EBE). It is
unknown whether any such life exists or ever existed in the past, although
many scientists think that life either exists or has existed, for instance, on

Mars.!'! Various claims have been made for evidence of extraterrestrial life,
such as those listed in a 2006 New Scientist article, which the magazine

describes as "hints" rather than proof.[z] A less direct argument for the
existence of extraterrestrial life relies on the vast size of the observable
Universe. According to this argument, endorsed by Carl Sagan and Stephen
Hawking, it would be improbable for life not to exist somewhere other than

g
B
D :
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Earth. _

The development and testing of theories about extraterrestrial life is known NMOMTA cccp Y
as exobiology, xenobiology or astrobiology; the term astrobiology however : i

also covers the study of life on Earth, viewed in its astronomical context. A 1967 Soviet Union 16 kopeks

postage stamp, depicting a
satellite from an imagined
extraterrestrial civilization.

One possibility is that life has emerged independently at many places
throughout the Universe. Another possibility is panspermia or exogenesis, in
which life would have spread between habitable planets. These two
hypotheses are not necessarily mutually exclusive. Possible forms of
extraterrestrial life range from simple bacteria-like organisms to sapient beings far more advanced than humans.

Suggested locations on which life might have developed, or which might continue to host life today, include the

planets Venus'*! and Mars; moons of Jupiter and Saturn such as Europa,[4] Enceladus and Titan; and extrasolar
planets such as Gliese 581 c, g and d, recently discovered to be near Earth mass and apparently located in their
star's habitable zone, with the potential to have liquid water.l!

Beliefs that some unidentified flying objects are of extraterrestrial origin (see extraterrestrial hypothesis), along
with claims of alien abduction, are considered spurious by most scientists. Most UFO sightings are explained
either as sightings of Earth-based aircraft or known astronomical objects, or as hoaxes. Some sightings have
remained unexplained, in some cases having been reported by trained professionals.
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Possible basis of extraterrestrial life

Several theories have been proposed about the possible basis of alien life from a biochemical, evolutionary or
morphological viewpoint.

Alien life, such as bacteria, has been theorized by scientists such as Carl Sagan to exist in the Solar System and
quite possibly throughout the Universe. No samples have been found, although there is some controversy about
possible traces of life in Martian material (see life on Mars), of which the most famous are on the Allan Hills
84001 meteorite.

Pronunciation, etymology, and usage

Pronounced /ekstrata~'estriol/, the term traces its etymological roots to two Latin words: extra ("beyond", or
"not of") and terrestrial ("of or belonging to Earth"). Despite the term's popularity, its antonym, extracelestial
("belonging to or from Earth"), is rarely used.

Biochemistry

Main articles: Biochemistry, Hypothetical types of biochemistry, and Water and life

All life on Earth requires carbon, hydrogen, oxygen, nitrogen, sulfur and phosphorus as well as numerous other
elements in smaller amounts; it also requires water as the solvent in which biochemical reactions take place.
Sufficient quantities of carbon and the other major life-forming elements, along with water, may enable the
formation of living organisms on other planets with a chemical make-up and average temperature similar to that
of Earth. Because Earth and other planets are made up of "stardust", i.e. relatively abundant chemical elements
formed from stars which have ended their lives as supernovae, it is very probable that other planets may have
been formed by elements of a similar composition to the Earth's. The combination of carbon, hydrogen and
oxygen in the chemical form of carbohydrates (e.g. sugar) can be a source of chemical energy on which life
depends, and can also provide structural elements for life (such as ribose, in the molecules DNA and RNA, and
cellulose in plants). Plants derive energy through the conversion of light energy into chemical energy via
photosynthesis. Life, as currently recognized, requires carbon in both reduced (methane derivatives) and
partially-oxidized (carbon oxides) states. It also appears to require nitrogen as a reduced ammonia derivative in
all proteins, sulfur as a derivative of hydrogen sulfide in some necessary proteins, and phosphorus oxidized to
phosphates in genetic material and in energy transfer. Adequate water as a solvent supplies adequate oxygen as
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constituents of biochemical substances.

Pure water is useful because it has a neutral pH due to its continued dissociation between hydroxide and
hydronium ions. As a result, it can dissolve both positive metallic ions and negative non-metallic ions with equal
ability. Furthermore, the fact that organic molecules can be either hydrophobic (repelled by water) or
hydrophilic (soluble in water) creates the ability of organic compounds to orient themselves to form water-
enclosing membranes. The fact that solid water (ice) is less dense than liquid water (within specific temperature
ranges) also means that ice floats, thereby preventing Earth's oceans from slowly freezing. Without this quality,
the oceans could have frozen solid during the Snowball Earth episodes. Additionally, the hydrogen bonds
between water molecules give it an ability to store energy with evaporation, which upon condensation is
released. This helps to moderate the climate, cooling the tropics and warming the poles, helping to maintain the
thermodynamic stability needed for life.

Carbon is fundamental to terrestrial life for its immense flexibility in creating covalent chemical bonds with a
variety of non-metallic elements, principally nitrogen, oxygen and hydrogen. Carbon dioxide and water together
enable the storage of solar energy in sugars, such as glucose. The oxidation of glucose releases biochemical
energy needed to fuel all other biochemical reactions.

The ability to form organic acids (—-COOH) and amine bases (—NH?) gives rise to the possibility of neutralization
dehydrating reactions to build long polymer peptides and catalytic proteins from monomer amino acids, and with
phosphates to build not only DNA (the information-storing molecule of inheritance), but also ATP (the principal
energy "currency" of cellular life).

Due to their relative abundance and usefulness in sustaining life, many have hypothesized that life forms
elsewhere in the universe would also utilize these basic materials. However, other elements and solvents could
also provide a basis for life. Silicon is most often deemed to be the probable alternative to carbon. Silicon
lifeforms are proposed to have a crystalline morphology, and are theorized to be able to exist in high
temperatures, such as on planets which are very close to their star. Life forms based in ammonia (rather than
water) have also been suggested, though this solution appears less optimal than water.[]

When looked at from a chemical perspective, life is fundamentally a self-replicating reaction, but one which
could arise under a great many conditions and with various possible ingredients, though carbon-oxygen within
the liquid temperature range of water seems most conducive. Suggestions have even been made that
self-replicating reactions of some sort could occur within the plasma of a star, though it would be highly

unconventional. [7]

Several pre-conceived ideas about the characteristics of life outside of Earth have been questioned. For
example, NASA scientists believe that the color of photosynthesizing pigments on extrasolar planets might not

be green.[g]

Evolution and morphology

In addition to the biochemical basis of extraterrestrial life, many have also considered evolution and
morphology. Science fiction has often depicted extraterrestrial life with humanoid and/or reptilian forms. Aliens
have often been depicted as having light green or grey skin, with a large head, as well as four limbs—i.e.
fundamentally humanoid. Other subjects, such as felines and insects, etc., have also occurred in fictional
representations of aliens.

A division has been suggested between universal and parochial (narrowly restricted) characteristics. Universals
are features which are thought to have evolved independently more than once on Earth (and thus, presumably,
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are not too difficult to develop) and are so intrinsically useful that species will inevitably tend towards them.
These include flight, sight, photosynthesis and limbs, all of which are thought to have evolved several times here
on Earth. There is a huge variety of eyes, for example, and many of these have radically different working
schematics and different visual foci: the visual spectrum, infrared, polarity and echolocation. Parochials,
however, are essentially arbitrary evolutionary forms. These often have little inherent utility (or at least have a
function which can be equally served by dissimilar morphology) and probably will not be replicated. Intelligent
aliens could communicate through gestures, as deaf humans do, or by sounds created from structures unrelated
to breathing, which happens on Earth when, for instance, cicadas vibrate their wings, or crickets rub their legs.

Attempting to define parochial features challenges many taken-for-granted notions about morphological
necessity. Skeletons, which are essential to large terrestrial organisms according to the experts of the field of
gravitational biology, are almost assured to be replicated elsewhere in one form or another. Many also
conjecture as to some type of egg-laying amongst extraterrestrial creatures, but mammalian mammary glands
might be a singular case.

The assumption of radical diversity amongst putative extraterrestrials is by no means settled. While many
exobiologists do stress that the enormously heterogeneous nature of life on Earth foregrounds an even greater
variety in space, others point out that convergent evolution may dictate substantial similarities between Earth
and extraterrestrial life. These two schools of thought are called "divergionism" and "convergionism"

[7]

respectively.

Beliefs in extraterrestrial life

Ancient and medieval ideas

See also: Cosmic pluralism

The first important Western thinkers to argue systematically for a Universe full of other planets and, therefore,
possible extraterrestrial life were the ancient Greek writer Thales and his student Anaximander in the 7th and

6th centuries B.C.[Ctaton needed] py. oo mists of Greece like Epicurus took up the idea, arguing that an infinite
universe ought to have an infinity of populated worlds. Ancient Greek cosmology worked against the idea of
extraterrestrial life in one critical respect, however: the geocentric Universe. Championed by Aristotle and
codified by Ptolemy, it favored the Earth and Earth-life (Aristotle denied that there could be a plurality of
worlds) and seemingly rendered extraterrestrial life philosophically untenable. Lucian of Samosata, in his novels,

described inhabitants of the Moon and other celestial bodies as humanoids, but significantly different from

humans [citation needed]

Authors of Jewish sources also considered extraterrestrial life. The Talmud states that there are at least 18,000
other worlds, but provides little elaboration on the nature of those worlds, or on whether they are physical or
spiritual. Based on this, however, the 18th century exposition "Sefer HaB'rit" posits that extraterrestrial
creatures exist, and that some may well possess intelligence. It adds that humans should not expect creatures
from another world to resemble earthly life any more than sea creatures resemble land animals.[*11°]

Hindu beliefs of endlessly repeated cycles of life have led to descriptions of multiple worlds in existence and
their mutual contacts (Sanskrit word sampark (H?:Cl'c(ﬁ) means "contact" as in Mahasamparka (wq'é?) =
"the great contact"). According to Hindu scriptures, there are innumerable universes to facilitate the fulfillment
of the separated desires of innumerable living entities. However, the purpose of such creations is to bring back
the deluded souls to correct understanding about the purpose of life. Aside from the innumerable universes
which are material, there is also the unlimited spiritual world, where the purified living entities live with perfect
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conception about life and ultimate reality. The spiritually aspiring saints and devotees, as well as thoughtful men
of the material world, have been getting guidance and help from these purified living entities of the spiritual

world from time immemorial. However, the relevance of such descriptions has to be evaluated in the context of

a correct understanding of geography and science at those times [citation needed]

Within Islam, the statement of the Qur'an "All praise belongs to God, Lord of all the worlds" indicates multiple
universal bodies, and maybe even multiple universes, which may indicate extraterrestrial and even

extradimensional life. Surat Al-Jinn also mentions a statement from a Jinn regarding the current status and

ability of his group in the heavens,[CitaﬂO” needed]

According to Ahmadiyya Islam a more direct reference from the Quran is presented by Mirza Tahir Ahmad as a
proof that life on other planets may exist according to the Quran. In his book, Revelation, Rationality,
Knowledge & Truth, he quotes verse 42:29 "And among His Signs is the creation of the heavens and the earth,
and of whatever living creatures (da'bbah) He has spread forth in both..."; according to this verse there is life in
heavens. According to the same verse "And He has the power to gather them together (jam-'i-him) when He will
so please"; indicates the bringing together the life on Earth and the life elsewhere in the Universe. The verse
does not specify the time or the place of this meeting but rather states that this event will most certainly come to
pass whenever God so desires. It should be pointed out that the Arabic term Jam-i-him used to express the

gathering event can imply either a physical encounter or a contact through communication.l'

In Shia Islam the 6th Imam Ja'far al-Sadiq has been quoted as saying that there are living beings on other

planets. He has also stated that they may be more intelligent or advanced than humans, [¢1tation needed]

When Christianity spread throughout the West, the Ptolemaic system became very widely accepted, and
although the Church never issued any formal pronouncement on the question of alien life[lz], at least tacitly, the
idea was aberrant. In 1277, the Bishop of Paris, Etienne Tempier, did overturn Aristotle on one point: God could
have created more than one world (given His omnipotence). Taking a further step, and arguing that aliens
actually existed, remained rare. Notably, Cardinal Nicholas of Kues speculated about aliens on the moon and

sun.[13]

Early modern period

There was a dramatic shift in thinking initiated by the invention of the
telescope and the Copernican assault on geocentric cosmology. Once it
became clear that the Earth was merely one planet amongst countless
bodies in the universe, the extraterrestrial idea moved towards the
scientific mainstream. God's omnipotence, it could be argued, not only
allowed for other worlds and other life; on some level, it necessitated
them. The best known early-modern proponent of such ideas was the
Italian philosopher Giordano Bruno, who argued in the 16th century for
an infinite Universe in which every star is surrounded by its own
planetary system. Bruno's thoughts about God and the universe, of which
many contradicted essential dogmas of the Catholic Faith, led to his
eventual condemnation as a heretic by a tribunal of the Roman . FInfinit
Inquisition of the Roman Catholic Church. Contemporary civil Gloljcrl]a}no Bruno, De- mntto,
" ; iverso e Mondi, 1584
authorities enforced the penal statute of Emperor Frederick 11
Inconsutilem Tunicam of 12 February 1220 mandating the burning of
heretics, resulting in his being among the last of heretics to be burned alive at the stake in Rome in the year
1600.

-1
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In the early 17th century, the Czech astronomer Anton Maria Schyrleus of Rheita mused that "if Jupiter has (...)
inhabitants (...) they must be larger and more beautiful than the inhabitants of the Earth, in proportion to the
[characteristics] of the two spheres”.[M] The Catholic Church has not made a formal ruling on the existence of
extraterrestrials. However, writing in the Vatican newspaper, the astronomer, Father José Gabriel Funes,
director of the Vatican Observatory near Rome, said in 2008 that intelligent beings created by God could exist in
outer space.[ls][l6]
Such comparisons also appeared in poetry of the era. In "The Creation: a Philosophical Poem in Seven Books"
(1712), Sir Richard Blackmore observed: "We may pronounce each orb sustains a race / Of living things
adapted to the place". The didactic poet Henry More took up the classical theme of the Greek Democritus in
"Democritus Platonissans, or an Essay Upon the Infinity of Worlds" (1647). With the new relative viewpoint
that the Copernican revolution had wrought, he suggested "our world's sunne / Becomes a starre elsewhere".
Fontanelle's "Conversations on the Plurality of Worlds" (translated into English in 1686) offered similar
excursions on the possibility of extraterrestrial life, expanding, rather than denying, the creative sphere of a
Maker.

The possibility of extraterrestrials remained a widespread speculation as scientific discovery accelerated.
William Herschel, the discoverer of Uranus, was one of many 18th-19th century astronomers convinced that the
Solar System, and perhaps others, would be well-populated by alien life. Other luminaries of the period who
championed "cosmic pluralism" included Immanuel Kant and Benjamin Franklin. At the height of the
Enlightenment, even the Sun and Moon were considered candidates for extraterrestrial inhabitants.

Extraterrestrials and the modern era
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The trend to assume that celestial bodies were populated almost by default was tempered as
actual probes visited potential alien abodes in the Solar System beginning in the second half
of the 20th century. At the same time, the beginning Space Age was accompanied by a
surge of UFO reports, particularly in the United States, during the 1950s. The term UFO
itself was coined in 1952 in the context of the enormous popularity of the concept of
"flying saucers" in the wake of the Kenneth Arnold UFO sighting in 1947.

The moon was decisively ruled out as a possibility, while Venus and Mars, long the two
main candidates for extraterrestrials, showed no obvious evidence of current life. The other
large moons of our system which have been visited appear, to our knowledge, similarly
lifeless, though the interesting geothermic forces observed (Io's volcanism, Europa's ocean,
Titan's thick atmosphere and hydrocarbon lakes) have underscored how broad the range of
potentially habitable environments may be.

Although the hypothesis of a deliberate cosmic silence of advanced extraterrestrials is also
a possibility,[”] the failure of the SETI program to announce an intelligent radio signal after
four decades of effort has at least partially dimmed the prevailing optimism of the beginning
of the space age. Notwithstanding, the unproven belief in extraterrestrial beings is voiced
(not as a hypothesis) in pseudoscience, conspiracy theories in popular folklore like about
'Area 51' and legends. Emboldened critics view the search for extraterrestrials as
unscientific, despite the fact that the SETI program is not the result of a continuous,

dedicated search, but instead utilizes what resources and manpower it can, when it can.

The Arecibo
message is a
digital message
sent to globular
star cluster M13,

and is a
Furthermore, the SETI program only searches a limited range of frequencies at any one well-known
time.[!8!] symbol of
human attempts
In the words of SETI's Frank Drake, "All we know for sure is that the sky is not littered to contact
with powerful microwave transmitters".. '] Drake has also noted that it is entirely possible extraterrestrials.

that advanced technology results in communication being carried out in some way other

than conventional radio transmission. At the same time, the data returned by space probes, and giant strides in
detection methods, have allowed science to begin delineating habitability criteria on other worlds, and to
confirm that at least other planets are plentiful, though aliens remain a question mark. The Wow! signal, from
SETI, remains a speculative debate.

In 2000, geologist and paleontologist Peter Ward and astrobiologist Donald Brownlee published a book entitled
Rare Earth: Why Complex Life is Uncommon in the Universe.?Y In it, they discussed the Rare Earth
hypothesis, in which they claim that Earth-like life is rare in the Universe, while microbial life is common. Ward
and Brownlee are open to the idea of evolution on other planets which is not based on essential Earth-like
characteristics (such as DNA and carbon).

The possible existence of primitive (microbial) life outside of Earth is much less controversial to mainstream
scientists, although, at present, no direct evidence of such life has been found. Indirect evidence has been
offered for the current existence of primitive life on Mars. However, the conclusions that should be drawn from
such evidence remain in debate.

In September 2010, it was reported that the U.N. General Assembly had appointed Mazlan Othman as their

official extraterrestrial liaison by the UK paper The Sunday Times. This claim was later refuted.l?!] An article by

The Guardian describes the appointment as having to do with dealing with any issues that could come about as

a result of near-Earth objects such as meteors or other such debris, [citation needed]
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Scientific search for extraterrestrial life

The scientific search for extraterrestrial life is being carried out both
directly and indirectly.

Solar Ardays

Direct search

REGS
Scientists are directly searching for evidence of unicellular life within T"r,‘:i";'f;' Doglayatie
the Solar System, carrying out studies on the surface of Mars and - i
o . . . . . iy — d

examining meteors which have fallen to Earth. A mission is also E::r
proposed to Europa, one of Jupiter's moons with a possible liquid water Tracker FrA Fadatee
layer under its surface, which might contain life.[2%] sl

Elrgiranis
There is some limited evidence that microbial life might possibly exist The NASA Kepler Mission for the
(or have existed) on Mars.[23] An experiment on the Viking Mars search of extrasolar planets.

lander reported gas emissions from heated Martian soil that some argue

are consistent with the presence of microbes. However, the lack of corroborating evidence from other
experiments on the Viking lander indicates that a non-biological reaction is a more likely hypothesis.
Independently, in 1996, structures resembling nanobacteria were reportedly discovered in a meteorite,
ALHS84001, thought to be formed of rock ejected from Mars. This report is also controversial, and scientific
debate continues.

In February 2005, NASA scientists reported that they had found strong

evidence of present life on Mars.[**! The two scientists, Carol Stoker
and Larry Lemke of NASA's Ames Research Center, based their claims
on methane signatures found in Mars' atmosphere resembling the
methane production of some forms of primitive life on Earth, as well as
on their own study of primitive life near the Rio Tinto river in Spain.

NASA officials soon denied the scientists' claims, and Stoker herself

backed off from her initial asse:rtions.[25 ]

Though such findings are still very much in debate, support among Electron micrograph of martian
scientists for the belief in the existence of life on Mars seems to be meteorite ALH84001 showing
growing. In an informal survey conducted at the conference at which structures thaF some SClen,UStfq’ thn,lk
the European Space Agency presented its findings, 75 percent of the could be fossilized bacteria-like life
scientists in attendance were reported to believe that life once existed forms.

on Mars, and 25 percent reported a belief that life currently exists

there.[l]

The Gaia hypothesis stipulates that any planet with a robust population of life will have an atmosphere in
chemical disequilibrium, which is relatively easy to determine from a distance by spectroscopy. However,
significant advances in the ability to find and resolve light from smaller rocky worlds near their star are
necessary before such spectroscopic methods can be used to analyze extrasolar planets.

Indirect search
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It is theorized that any technological society in space will be
transmitting information. However, since there are no human systems,
in general, intentionally transmitting information randomly into deep
space, there is no guarantee that any other species would do so either.
Also, the length of time required for a signal to travel across the
vastness of space means that any signal detected, or not detected,
would come from the distant past.
Nevertheless, projects such as SETI are conducting an astronomical
search for radio activity which would confirm the presence of
intelligent life. A related suggestion is that aliens might broadcast
pulsed and continuous laser signals in the optical, as well as infrared, Terrestrial Planet Finder - A planned
[26] Infrared interferometer for finding
Earth-like extrasolar planets (as of
2010, it has not received the funding
from NASA which it needs — that
funding is going towards the Kepler
mission).

spectrum;'“- laser signals have the advantage of not "smearing" in the
interstellar medium, and may prove more conducive to communication
between the stars. While other communication techniques, including
laser transmission and interstellar spaceflight, have been discussed
seriously and may well be feasible, the measure of effectiveness is the
amount of information communicated per unit cost. This results in
radio transmission as the method of choice.

Extrasolar planets

See also: List of extrasolar planets

Astronomers also search for extrasolar planets that they believe would be conducive to life, such as Gliese 581
c, Gliese 581 g, Gliese 581 d and OGLE-2005-BLG-390Lb, which have been found to have Earth-like qualities.

[271128] Current radiodetection methods have been inadequate for such a search, since the resolution afforded by
recent technology is inadequate for a detailed study of extrasolar planetary objects. Future telescopes should be
able to image planets around nearby stars, which may reveal the presence of life — either directly or through
spectrography which would reveal key information, such as the presence of free oxygen in a planet's
atmosphere:

= Darwin was a proposed ESA mission designed to find Earth-like
planets and analyze their atmosphere.

® The COROT mission, initiated by the French Space Agency, was
launched in 2006, and is currently looking for extrasolar planets;
it is the first of its kind.

m The Terrestrial Planet Finder was supposed to have been
launched by NASA, but as of 2010, budget cuts have caused it to
be delayed indefinitely.

m The Kepler Mission, largely replacing the Terrestrial Planet
Finder, was launched in March 2009.

Artist's Impression of Gliese 581 c,
the first extrasolar planet discovered
within its star's habitable zone.

It has been argued that Alpha Centauri, the closest star system to
Earth, may contain planets which could be capable of sustaining

life,[2°]

On April 24, 2007, scientists at the European Southern Observatory in La Silla, Chile said they had found the
first Earth-like planet. The planet, known as Gliese 581 c, orbits within the habitable zone of its star Gliese 581,
a red dwarf star which is 20.5 light years (194 trillion km) from the Earth. It was initially thought that this planet
could contain liquid water, but recent computer simulations of the climate on Gliese 581 ¢ by Werner von Bloh
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and his team at Germany's Institute for Climate Impact Research suggest that carbon dioxide and methane in the
atmosphere would create a runaway greenhouse effect. This would warm the planet well above the boiling point
of water (100 degrees Celsius/212 degrees Fahrenheit), thus dimming the hopes of finding life. As a result of
greenhouse models, scientists are now turning their attention to Gliese 581 d, which lies just outside of the star's
traditional habitable zone.[*]

On May 29, 2007, the Associated Press released a report stating that scientists identified twenty-eight new
extra-solar planetary bodies. One of these newly-discovered planets is said to have many similarities to

Neptune. [31]

As of March 4, 2010, 429 extrasolar planets have been discovered (with 48 multi-planet systems), and new

discoveries occur monthly.Bz]

Drake equation

Main article: Drake equation

In 1961, University of California, Santa Cruz astronomer and astrophysicist Dr. Frank Drake devised the Drake
equation. This controversial equation multiplied estimates of the following terms together:

The rate of formation of suitable stars.

The fraction of those stars which are orbited by planets.
The number of Earth-like worlds per planetary system.
The fraction of planets where intelligent life develops.
The fraction of possible communicative planets.

The "lifetime" of possible communicative civilizations.

Drake used the equation to estimate that there are approximately 10,000 planets in the Milky Way galaxy
[33]

containing intelligent life with the possible capability of communicating with Earth.
Based on observations from the Hubble Space Telescope, there are at least 125 billion galaxies in the Universe.

It is estimated that at least ten percent of all sun-like stars have a system of planets[3 4], i.e. there are 6.25x10'®
stars with planets orbiting them in the universe. Even if we assume that only one out of a billion of these stars

have planets supporting life, there would be some 6.25% 10° (billion) life-supporting planetary systems in the
Universe.

Extraterrestrial life in the Solar System
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Many bodies in the Solar System have been suggested as being
capable of containing conventional organic life. The most
commonly suggested ones are listed below; of these, five of the ten
are moons, and are thought to have large bodies of underground
liquid (streams), where life may have evolved in a similar fashion to
deep sea vents.

Russefsnrelstdc b 5w

m Mars — Life on Mars has been long speculated. Liquid water
is widely thought to have existed on Mars in the past, and
there may still be liquid water beneath the surface. Methane

tndms Forkitelotd c b tath s

was found in the atmosphere of Mars. By July 2008, This planetary habitability chart shows
laboratory tests aboard NASA's Phoenix Mars Lander had where life might exist on extrasolar
identified water in a soil sample. The lander's robotic arm planets, based on the Solar System and
delivered the sample to an instrument which identifies vapors life on Earth.

produced by the heating of samples. Recent photographs from
the Mars Global Surveyor show evidence of recent (i.e. within
10 years) flows of a liquid on the Red Planet's frigid

surface.[*%]

m Mercury — The MESSENGER expedition to Mercury has
discovered that a large amount of water exists in its
exosphere.

m Europa — Europa may contain liquid water beneath its thick
ice layer. It is possible that vents on the bottom of the ocean
warm the ice, so liquid could exist beneath the ice layer,
perhaps capable of supporting microbes and simple plants,

just like in Earth's hydrothermal vents.l4]
» Jupiter — Carl Sagan and others in the 1960s and 70s
computed conditions for hypothetical amino acid-based
macroscopic life in the atmosphere of Jupiter, based on
observed conditions of this atmosphere. These investigations
inspired some science fiction stories.
Ganymede — Possible underground ocean (see Europa).
Callisto — Possible underground ocean (see Europa).
Enceladus — Geothermal activity, water vapor. Possible under-ice oceans heated by tidal effects.
Titan (Saturn's largest moon) — The only known moon with a significant atmosphere. Data from the
Cassini-Huygens mission refuted the hypothesis of a global hydrocarbon ocean, but later demonstrated the
existence of liquid hydrocarbon lakes in the polar regions - the first liquid lakes discovered outside of

Europa, due to the possibility of an

ocean under its icy crust, might host
[4][35]

some form of microbial life.

Earth. 371381391 Analysis of data from the mission has uncovered aspects of atmospheric chemistry near

the surface which are consistent with — but do not prove — the hypothesis that organisms there are

consuming hydrogen, acetylene and ethane, and producing methane.[401[411142]

m Venus — Recently, scientists have speculated on the existence of microbes in the stable cloud layers
50 km above the surface, evidenced by hospitable climates and chemical disequilibrium.[43]

Numerous other bodies have been suggested as potential hosts for microbial life. Fred Hoyle has proposed that

life might exist on comets, as some Earth microbes managed to survive on a lunar probe for many years.

However, it is considered highly unlikely that complex multicellular organisms of the conventional chemistry of

terrestrial life (i.e. animals and plants) could exist under these living conditions.

Even if microbial extraterrestrial life were found on another body in the Solar System, it would still need to be
proven that such life did not originate from Earth in the recent or distant past. For example, an alternate
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explanation for the hypothetical existence of microbial life on Titan has already been formally
proposed[44] [451 theorizing that microorganisms could have left Earth when it suffered a massive asteroid or
comet impact (such as the impact that created Chicxulub crater only 65 mya), and survived a journey through
space to land on Titan 1 million years later. The Living Interplanetary Flight Experiment, developed by the

Planetary Society and due to be launched in 2011, has been designed to test similar theories.

Possible impact on Earth by extraterrestrial beings

Theoretical physicist Stephen Hawking warned that humans should not try to contact alien life forms. He
warned that aliens might pillage Earth for resources. "If aliens visit us, the outcome would be much as when

Columbus landed in America, which didn't turn out well for the Native Americans," he said.[4°] Geographer

Jared Diamond has also expressed similar concerns.[4]

See also

Events and objects

ALHS84001 is a Mars meteorite with disputed seemingly microbial formations.
Ceres (dwarf planet)

Gliese 581 e, b, c, gand d.
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Red rain in Kerala

Close encounter

First contact (science fiction)

Searches for extraterrestrial life

Rejection of chemical evolution
Communication with Extraterrestrial Intelligence
Darwin — an ESA mission designed to find Earth-like planets and analyze their atmosphere for signs of

life

m SETI (Search for Extra-Terrestrial Intelligence)

= Allen Telescope Array
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m Astrobiology m Habitable zone

= Planetary protection = Planetary habitability

m Extraterrestrials in fiction m Rare Earth hypothesis

m Exotheology m Extraterrestrial liquid water
Theories

» Aurelia and Blue Moon » Mediocrity principle

m Back-contamination m Panspermia

= Drake equation = Sentience quotient
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From earths to MOONS -- search
for life elsewhere expands

by Staff Writers 2
Paris (AFP) Sept 3, 2009 0

A powerful orbital telescope launched
in March with a mission to look for
habitable counterparts to Earth should
also be able to detect small moons
that could nurture life, scientists said
Thursday.

The NASA spacecraft Kepler is designed to
monitor more than 100,000 stars over the next three years, looking for
telltale dips in their brightness as orbiting planets pass in front of them.

These so-called transit events can yield tantalising details about
exoplanets, as planets beyond our Solar System are known.

So far, 358 exoplanets have been spotted since the first was found in
1995.

Frustratingly, none is comparable to Earth.

Our planet sits in the "Goldilocks zone" where the temperature is not
too hot for our atmosphere to be stripped away nor too cold for our seas
to freeze -- but just right to have liquid water, the stuff of life.

Most of the finds have been gas giants, similar to Jupiter, rather than
solid ones like Earth, and they orbit their stars at scorchingly close
distances.

Kepler, according to the new study, should have the power to find even
Earth-like satellites of exoplanets.

A team led by David Kipping of University College London modelled the
properties of the instruments aboard Kepler and compared this with the
expected signal strength that a habitable "exomoon" would generate.

They found that habitable exomoons down to just a fifth of the mass of
Earth could be spotted.

No exomoon has been found yet, but this could change with the
advances provided by Kepler, they believe.

"For the first time, we have demonstrated that potentially habitable

moons up to hundreds of light years away may be detected with
current instrumentation," said Kipping.

"It seems probable that many thousands, possibly millions, of habitable
exomoons exist in the Galaxy and now we can start to look for them."

Even if an Earth-like exoplanet or exomoon is found, we have no
chance of getting there with our puny chemical-powered spaceships.

Discovering such a place, though, would add a big piece to the puzzle
as to whether life has the potential to exist elsewhere in the Universe.

The paper appears in the journal Monthly Notices, published by
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Britain's Royal Astronomical Society.
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