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Terrestrial life is an informational 
machine consisting of nucleic acids as 

software and proteins as hardware 

  

 

  

 

Software 
 

Hardware 
 

Cell 
constituents 

Genes Enzymes 
Membranes 

Chemical 
entity 

Nucleic acids Proteins 
Lipids 

Main 
components 

Bases, Sugars, 
Phospahte 

Aminoaicds, Fatty 
acids, Glycerol 

Elements 
 

C,H,O,N,P 
 

C,H,O,N 
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Life is a chemical machine 
• However, elements and molecules are stricltly 

limited=Biochemical Exclusive Principle 
 

• Only 4 elements are used as major components  
and they are identical to 4 major “active” 
elemnts of Universe 
 

• 10 major elements of life is identical to top 10 
elements of ocean 
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Biochemical exclusive 
principle is essence of life 

 and 
 key to ratiocination of 

extraterrestrial life 
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Elemental compositons of life 
Universe Earth crust Ocean Animals Plants 

１ H O H H H 
２ He Si O O O 
３ O H Cl C C 
４ C Al Na N N 
５ N Na Mg Ca P 
６ Ne Fe S P Ca 
７ Mg Ca Ca S K 
８ Si Mg K Na Mg 
９ Al K C K S 
１０ Fe Ti N Cl Cl 
１１ S P Mg Na 
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Why H and O ? 
 

•Water 
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Water is 
special ! Hydrogen 

bond 

Hydration 

＋ ＋ 

 

－ Dipole 

Liquid at room 
temperature 

Large sp 
heat=homeostasis 

Hydrophobic bond 
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No water, no life 

This document is provided by JAXA.



Why Carbon ? 

• Chemical valency is 4 → create a variety of 
compounds 
 

• C-C bond is stable, Si-Si bond is unstable → 
cannot create long fattay acids 
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Speculations 

• H, O, C, N would be major elements for Ets 
   Si cannot act as a substitute for C 
 
• P would be an important element for Ets 

 
• H2O would be solvent of Ets’ cells 
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Biochemical exclusive 
principle 

 Proteins are synthesized with 20 α-amino acids 
     By post-translational modifications, proteins contains 
30- different aminoacid residues, and these modified 
amino acids are extremely important for protein function 
(examples are phosphorylated aminoacids, 
hydroxyproline in collagen, etc) 
 
Nucleic acids are synthesized with 4 nucleotides 
    Likewise, many different nucleotide residues are found 
in DNAs and RNAs 
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20 protein amino acids = 
Magic 20 

Common 
structure 
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Magic20 

This document is provided by JAXA.



L-amino acid 
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Very difficult to find out reason 
why they were selected 
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Very difficult to find out reason 
why they were selected 
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Are 20 mino acids essential for a 
functional protein? 

• No ! 
• Functional proteins have been chemically  

synthesized using 5-9 amino acids (JBC 280, 
37742; Nature Struct. Biol. 4, 1039; etc) 

• Cystein is missing in many proteins produced 
by aerobic, extreme thermophiles, since C-S 
bond is unstable at high temperature under 
aerobic conditions  
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Nucleic acids are synthesized 
using 4 nucleotides 
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Why 4 ? Two is enough; 
Languages consisting 2 letters are 

perfect 
• Computers and Morse code are 2-letter 

languages 
 

• Why genetic system is 4 letter code? 
 

• 2 letter system (A & T or G & C) is enough 
for DNA double stranded struclture 
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Most reasonable 2 letter code for 
genetic system would be A・I 

letter system 

Ａ Ｉ 

Mild 
oxidation, 
possible in the 
primitive 
ocean 
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Speculations 1 
• H, O, C, N would be major elements for ETs 
• P would be an important element for ETs 
• H2O would be solvent of Ets’ cells 
• For catalic functions, proteins=polymers of amino acids 

would be ideal, but Ets’protein amino acids could be 
more than 20 or less than 20. D-amino acids could be 
used by some of ETs 

• For genetic information storage, nucleic acid double 
helical structure would be ideal, but ET’s nucleic acids 
may not be synthesized using A, C, G, T(or U) 
nucleotides 
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The final question on biochemistry 
of extraterrestrial life is “life span” 

• Biochemical basis of determination of life span 
(or generation time) is totally unknown 

• Life span of organisms on our planet varies 
from a few hours to a few hundred years 

• Some of unculturable organisms (especially 
those located in deep undergrand)  may has 
abnormally long generation time 
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Life Span 
• It seems that some organisms can across the 

boarder between life and death 
• Some microbes under natural conditions are 

dormant, and unculturable since we do not know 
haw to revive 

• Most of bacteria and water bears and some others 
can survive under dried conditions. Water bears 
can  revive after exporsure under space conditions 
for long time 
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Speculations 2 

• It might be very difficult to detect life on other planet if  
 

•  its biochemistry is entirelly different from ours 
 

• or its life span ( or generation time) is abnormally long 
 

• or we donot know how to revive dormant cells 
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Thank you for your kind attention 

The picture shows my institute, only 10 min drive form here              
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