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Arthur C. Clarke's three laws:

• When a distinguished but elderly scientist 
states that something is possible, he is almost 
certainly right. When he states that something 
is impossible, he is very probably wrong.

• The only way of discovering the limits of the 
possible is to venture a little way past them 
into the impossible.

• Any sufficiently advanced technology is 
indistinguishable from magic.



Knowledge of Space 
Environments

Knowledge of the  Evolution of 
Earth’s Biosphere and 

Organisms

NASA’s Strategy for 

searching for life 

beyond Earth



You can’t always get what you want.
But if you try sometimes, you just might find 

you get what you need.
-- Mick Jagger



“The Weird Life Report”

Theory, data, and experiments 

suggest that life requires

(in decreasing order of certainty):

A molecular system that can support  Darwinian evolution

Thermodynamic disequilibrium (Gibbs energy)*

An environment capable of maintaining covalent bonds, especially 

between C, H, and other atoms

A liquid environment**

What Life Needs



Report of the NRC Committee on the Limits of Organic Life in Planetary Systems

Thermodynamic Disequilibrium

(Gibbs Energy)

“…the requirement for thermodynamic 
disequilibrium is so deeply rooted in our 

understanding of physics and chemistry that it 
is not disputable as a requirement for life.

Other criteria are not absolute.”



Biological Requirements for Energy

The Earthly Example

Redox chemistry

Light in the visible to NIR
(approx. 400-1025 nm);

flux > 1015 photons∙m-2∙s-1

Earth life uses only a subset of available light and chemical energy, 

which themselves are a subset of available forms
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Physicochemical Environment?

Temperature:  -25 to 122˚C

pH approx. 0-13

Pressure to at least 200 MPa

Water activity to 0.6



Physicochemical Environment?

Tabulated ranges reflect laboratory “record holders”; real world 

frequently more restrictive (many environments have multiple 

challenges requiring additional adaptations and costs)

“Extremes” (relative to what’s “nominal” for a given 

biochemistry) may be tolerated at the expense of diversity, 

abundance, productivity

Tolerated ranges reflect extant life following extensive 

evolution; clement range for OoL potentially much narrower

Are (must be) compatible with both covalent bonding and non-

covalent interactions in water



“Reversible [non-covalent] molecular interactions are at 
the heart of the dance of life…these bonds are profoundly 

affected by the presence of water.”

Wikimedia commons/KeinoRamakrishnan, 2008

-- Stryer, 1988
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Is Water 

Special?

Alternatives to liquid water as a solvent for life must be evaluated 
not only on their potential to support covalent synthesis, but also 
on their ability to properly mediate the full range of non-covalent 

interactions required by living systems.
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SPONCH:  Everything a Body Needs?

Hydrogen bonding

Hydrogen (H):

Scaffolding element (C):

Creates a diverse library of possible structures through 

multiple bonding to itself and a variety of other elements 

Tertiary structure, molecular recognition, 

coordination chemistry, reactivity

Electrostatic interactions

Dominantly in intermediate oxidation state*

Relatively labile covalent bonding/reactivity

Heteroatoms (SPON):

Alternatives to SPONCH must be evaluated on their ability to support the requisite covalent & non-covalent 

chemistry and in reference to the properties, reactivity, and phase stability of the solvent (or vice-versa…)





Biological 

Abundances

Cosmic 

Abundances

Follow the Elements!



Redfield ratio- ecological stoichiometry, 

relatively consistent ratio of nutrients in 

biomass samples, doesn’t include 

chemical energy.

106 C:16 N:1 P:0.1-0.001 Fe

Bioavailability: 

Only select forms of P and Fe are biologically 

available. More energy needed for acquisition of 

certain forms of N



Redfield ratio
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Questions about Habitability

• What is the origin of potential biota in Venus 

clouds allocthanous or autochthonous?

• Can organisms survive and/or reproduce?

• What are the sources/sinks and concentrations of 

bio-essential elements (CHNOPS. Micro nutrients)

• What are the necessary conditions for aerosolized 

bacteria to acquire nutrients and reproduce?

• How would polyexyremophily be evaluated (UV, 

Temp, Press, pH, low water activity, low nutrient, 

etc)

• And how would that limit microbial candidates and 

biomass?



Questions about Detection

Biosignatures need to be reliable, unambiguous, 

resilient, and detectable.

• What is the minimum cell density necessary to 

explain the “absorber”?

• What other features (spectral) would be necessary 

to confirm biotic source (e.g. PS pigments, PP 

pigments)?

• What is required to measure life directly (sampling, 

processing and detection)?

• What are the costs to a mission (mass, power, etc)

• What  ”best practices” can the Venus community 

learn from other communities (e.g. exoplanets)



Environment cells/ ml

Lake Sediments 5.00E+09

Sewage 5.00E+07

Eutrophic Lake 5.00E+06

Estuaries 5.00E+05

Open Ocean 5.00E+04

Atmosphere 5.00E+02

Stratosphere ??

Microbial Biomass on Earth
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Questions?
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