
Life�Sci 2H03�– Lecture�4
Lif i E t E i tLife�in�Extreme�Environments
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This is a hydrothermal pool 
abundance of microorganisms 



What�are�the�Conditions�
Needed�for�Life?

T t• Temperature:�

• pH:�4Ͳ8
• Pressure:Pressure:�

O• O2

• H2O
• CO2
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This is typically the conditions you would think is needed for life to be possible. 
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0 - 50 degrees celcius
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101.3 kPa
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Navleen Arora
most organisms have well-defined range of tolerance for conditions 

fish are still able to live in low or high temps, but it becomes harder for them to remain viable 

This is a general picture, but it doesn't take biodiversity on Earth into account 



Navleen Arora
Three major earth kingdoms, 

in terms of their morphology bacteria and archaea tend to look similar (ie. rod shaped)

Universal ancestor is the root.

You can see that some of the microorganisms that are virtually identical under a microscope, but they are very different genetically. Bacteria are very different from animals and fungi. 
Genetic difference highlights physiological diversity in bacteria 



Australian�desert

12�month�droughts
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A lot of diversity tends to be found in bacteria and archaea

in australia, there are droughts year round, yet there are frogs that do well year round because they are used to not having water 



Atacama�desert,�Chile
>1mm�rain/year
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Dry area, but there are insects that strive in this setting 



Antarctic�Ocean
water�temp:�Ͳ2°C
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Stays liquid in this temperature because of the salt content

Potential for organisms to adapt to extreme conditions not just in bacteria/archaea but also eukaryotes



What�exactly�is�an�extreme�
environment?

Li id t• Liquid water: 

Life requires:• Life requires: 

Redox chemistry:• Redox chemistry: 

Navleen Arora
absolute requirement of life on Earth

Navleen Arora
energy
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used to control energy flow 
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Although, there are some exceptions 

Navleen Arora
this is done through a flow of electrons through redox chemistry 

Navleen Arora
different energy potential depends on the couples

There are organisms that are able to use different redox potential 

All the major principles that apply to organic chem apply in order for organisms to exist. 



What�is�an�extremophile?
•

1) Physical extremes1) Physical extremes
• Temperature
• RadiationRadiation

2) Geochemical extremes2) Geochemical extremes
• Salinity
• pHpH
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an organism that thrives in an extreme environment 
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POLYEXTREMOPHILES 

Navleen Arora
most organisms are able to sustain a finite radiation and temperature.

usually it is rare that an extremophile will only be able to stay in one extreme. 
These are called polyextremophiles 
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Types�of�Extremophiles
• Acidophile:

• Alkaliphile:�An�organism�
that grows best at high pHthat�grows�best�at�high�pH�
values

• Anaerobe
•
• Endolith
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An organism that grows best at 
acidic (low) pH values

Navleen Arora
Thrives under conditions where there is no oxygem 
exposure to oxygen is lethal to these organisms 


Navleen Arora
HALOPHILES 

Navleen Arora
Live inside rocks/minerals 

Navleen Arora
require high concentrations of salt 



Types�of�Extremophiles�(2)yp p ( )
• Methanogen:�An�

i h dorganism�that�produces�
methane�

••

••
•
• (Hyper)Thermophile• (Hyper)Thermophile
• Xerophile
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from the reaction of teh hydrogen and carbon dioxide

Navleen Arora
Barophile
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Psychrophile

Navleen Arora
Very low on the redox ladder. UNder conditions where no O2 is present 

They are members of teh archaea kingdom
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High hydrostatic pressure (example, deep ocean)
Over 700 atm (7 times the normal atmosphere, extremely high pressure)

Navleen Arora
Thrive under very cold conditions, 15 degrees celcius or lower 
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Thermophiles - 50 degrees celcius or above
Hyperthermophile - 80 degrees celcius or above

Navleen Arora
Very low water, 



Temperaturep
Challenges:
• low:low: 

• high: 

• Problems at high 
temperature for aquatic 
organisms requiring O2
or CO2

Navleen Arora
structural deformation by ice crystals 


Navleen Arora
denaturation of biomolecultes 

Navleen Arora
photosynthesis is not possible above 75 degrees celcius

Navleen Arora
It is harder for gases to diffuse in water 



• Most hyperthermophilic organisms: 

• Pyrolobus fumarii: 
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Archaea
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Navleen Arora
capable of growing at up to 113 degrees celcius 

Navleen Arora
as we move to upper range of temperatures, 

Navleen Arora
photosyntehsis that is not producing oxygen 
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Hydrothermal vent where these organisms are able to grow 
Enzymes are still active at 142 degrees Celcius 



Radiation
•

• ExtremeExtreme 
levels of 
radiation:radiation: 

Navleen Arora
Energy in transit

Navleen Arora
rarely occur on Earth naturally
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Extreme levels of radiation are rare on Earth (naturally) unless exceptional conditions

They can cause damage to nucleic acids, knicks DNA 

There are organisms that are well adapted to high levels of radiation 



• Deinococcus radiodurans withstands:

• can be isolated from: 
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20 kiloGray of gamma radiation
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dried foods 
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Gray is a unit used to measure the amount of ionizing radiation

humans are able to withstand 5 grays of radiation at most 

This organism will do very well if tehre is a nuclear explosion. 



Pressure
• Mariana trench: 
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The world's deepest sea floor at 10898 m
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These growth of these organisms is optimal around 80 MPa. Below that, they don't do that well 



pH
•
• Biological processes tend to occur 
towards the middle range of the pHtowards the middle range of the pH 
spectrum: pH 7-8
•
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-log10[H+]

Navleen Arora
intracellular and environmental pH often fall in this range 

Navleen Arora
at extreme low pH's proteins denature, also the same thing occurs at higher pH
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If we look at the range of pH's that are possible, we see that there are a whole series of organisms that are found to do very well at these extreme pH's. 



• Ferroplasma acidarmanus: 
• in acid mine drainage: 
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grows at pH 0

Navleen Arora
Iron Mountain in California

Navleen Arora
iron oxidizing organism 
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Very high concentration of sulfuric acid, and exposed to high levels of arsenic. One cell memrbrane and no cell wall. They live in a very diverse community. 
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These area solid acid crystals (lowest pH values every recorded, pH is -3, so low that it crystalizes) Crystals are called snotites



Octopus Spring, Yellowstone
•

• Water: 
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alkaline (pH 8.8-8.3) hotspring
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65 degrees celcius - 95 degrees celcius 
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Hydrothermal pool
temperature is near boiling point 
photosynthetic organisms emerge at 75 degrees celcius 



Deep�Sea�Hydrothermal�Vents

•

• High pressure and 
temperature as high 
as 400oC

• Water remains liquid 
due to: 
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Found near mid-ocean ridges

Navleen Arora
high hydrostatic pressure

Navleen Arora
area where tectonic plates are moving apart and magma is rising, new crust is formed in these areas 
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Water stays liquid because of the high pressure from teh bottom of the ocean (pH is between 3and 8 near these ridges)
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When magma rises from sub surface, it has a lot of chemicals, such as Fe. 
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abundance of microbes

No lights are these depths,, producers are microbes that are the food soruce for plants that are adapted to these conditions

Crustaceans that feed on all food available to them 



The�Ultimate�Extremophiles:�
Tardigrades
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These are called water bears (1 mm in length)

first organism we know of that can survive the space environment
able to thrive in conditions near to absolute 0 (1 degree kelvin)

can thrive in 150 degrees C
can survive in conditions where there is no water
Able to survive radiation levels that are 1000 times what most animals can sustain.




