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The emergence of life in the Universe 
 
The possibility that other planets were inhabited was discussed 
in the past, sometimes in considerable detail, by naturalists and 
philosophers alike. More often than not, these were 
speculations that rested on the idea of a uniform Universe but 
with little or no empirical basis. How life had appeared in other 
bodies was not discussed. 
 
Despite claims on the contrary, there is little or no 
epistemological continuity of these ideas with contemporary 
attempts to study life in the Universe.  
 
Our current understanding and efforts to study the origin of life 
resulted from the 19th century development of evolutionary 
theory, first with Lamarck and then by Darwin. 



At the turn of the 20th century, 
 
 
1.  The trend towards a chemical description of living 

phenomena had led both to the identification of protoplasm 
as basis of life and to the development of biochemistry; 

2.  Viruses seem to confirm the existence of subcellular 
entities for the basis of life; 

3.  Mendel’s laws were “rediscovered”; and 

4.  Many accepted the idea of evolution, but Darwinian 
explanations based on natural selection were rejected 

 



Darwin vs. Mendel? 

Following the “rediscovery” of Mendel’s work, genetic 
mutations were considered as the fundamental source of 
evolutionary novelties in opposition to Darwin’s natural 
selection.  



 Herman J. Muller’s single gene theory 
of the origin of life 

1. The first living being was a gene that 
appeared by chance in the primitive 
oceans; 
 
2. The primordial gene was endowed  
with  

   
a)  autocatalysis (replication) 
b)  heterocatalysis (metabolism) 
c)  mutability (evolvability) 
 

           Muller, 1926 



            non-living matter  primordial gene 



Intellectual and scientific genealogies:  Herman Muller  
and the primordial gene as the origin of life"

Hermann J. Muller Gregor Mendel Thomas Hunt Morgan 



Darwin and the origin of life 

Peretó, Bada & Lazcano (2009) Origins Life Evol Biosph 39: 395 



  
 Starting in 1865, Arkadi K. Timiriazev starts promoting 
Darwin’s ideas, an effort that would play a significant role in 
the secularization of Russian culture (cf. Vucinich, A.,1988)  

 
 A number of historians, sociologists, philosophers and, of 
course, left-wing politicians are attracted to Darwinism. They 
include Kropotkin, Plekhanov and many others.  



  Some important traits of Russian/Soviet Darwinism 
 
1. From 1880 onwards a number of conservative thinkers 

like Strajov, Merscherski and Danilievski (a staunch 
defensor of monarchic absolutism) start a campaign 
against Darwin’s ideas; 

 
2. The “rediscovery” of Mendel’s ideas and the role of 

mutation was seen by many as an attack against 
Darwinism.  

 This will lead Tymiriazev (1912) to state that Mendelists 
and mutationists are the principal enemies in the struggle 
against anti-darwinists. 

 



Intellectual & scientific genealogies 

Charles Darwin Kliment A. Timiriazev Alexandr I. Oparin 





CO2 and H2O- rich atmosphere 
 
 
 primitive heterotrophic cells 

primitive soup 

Haldane, 1929 



Bada & Lazcano, 2003"



 
 

How did Oparin support his assumption 
of prebiotic organic synthesis as a 
prerequisite for the origin of life? 

  
 
 



Organic compounds in cometary spectra 

HCN 
CH+ 

OH- 



!and in carbonaceous meteorites 



  
 1)  Proust  1807 
      HCN      polymer + adenine (?) 

  
 2)  Wöhler  1828 
       NH4NCO        urea      

  
 3)  Strecker  1850 
      CH3CHO + NH3 + HCN         alanine   

  
 4)  Butlerow  1861 
      HCHO            sugars   

 

OH- 

OH- 

Early abiotic synthesis of biochemical monomers 



Heterotrophic origin of life 

reducing atmosphere  

synthesis of organic compounds 
& formation of the primitive soup 

coacervates 

primordial heterotrophic 
anaerobic bacteria 



It is surprising that Oparinʼs proposal did not 
include genes or nucleic acids?"

 

1.  Ernst Haeckel, who was a major influence in Oparin’s 
work, had assumed that Monera lacked all traces of the 
hereditary substances of other organisms  

 E. Haeckel (1904) The Wonders of Life 

 

2.  “! bacteria have no genes in the sense of accurately 
quantized portions of hereditary substances; and therefore 
have no need for accurate division of the genetic system 
which is accomplished by mitosis.” 

 Julian Huxley (1942) Evolution: the modern synthesis 



synthesis & accumulation 
of organic monomers 

precellular systems 

primordial 
metabolism 

anaerobic heterotrophs 

                  non-living matter       primordial gene 

Muller 1926 

Oparin 1924 



C   +   2H2  -> CH4 
  
N2  +   3H2  -> NH3 
  
O2  +   2H2  -> H2O 
  
S   +    H2  -> H2S 
  
CO2 +   6H2  -> CH4 + 2H2O 
 
 

Harold C. Urey’s primitive terrestrial atmosphere 



 In the early 1950’s, it was generally accepted that: 
 

a)  living beings could be divided into three major 
(Haeckelian) kingdoms (plants, animals and microbes); 

b)  the earliest traces of life were about 600 million years 
old; 

c)  the emergence of the biosphere had been a lengthy 
process involving billions and billions of years; 

d)  proteins played a major role in genetic continuity; 

e)  the formation of planetary systems was rare; and 

f)  space exploration was unlikely, among other 
misconceptions 



The authors that shaped S. L. Miller’s 
ideas on the origin of life 



The 1953 Miller-Urey experiment 







The harvest of ‘53 

Watson & Crick and the DNA double 
helix model 

S. L. Miller and the prebiotic  
synthesis of amino acids 



Molecular biology and the origins of life: "
the prebiotic synthesis of adenine* 

a) Oró, 1960; b) Ferris & Orgel, 1966 

* Did DNA form in the prebiotic soup?"



Did life appear with the spontaneous formation of  
DNA in the primitive soup?"

Hermann J. Muller  (1890-1967)"

catalytic & autocatalytic  
primordial gene (1926)"

catalytic & autocatalytic  
primordial DNA (1959) 



synthesis & accumulation 
of organic monomers 

precellular systems 

primordial 
metabolism 

anaerobic heterotrophs 

                  non-living matter       primordial DNA 

Muller 1926, 1959 

Oparin 1924, 1938 



An insightful proposal! 
 
 
“The long-chain polymers found in living organisms 
have ‘back-bones’, composed of phosphate [i.e., 
nucleic acids], glycine or pentose residues.  The first 
seem to be the most catalytically active, and may be 
the most primitive. The critical event which may have 
best be called the origin of life was the enclosure of 
several different self-reproducing polymers within a 
semipermeable membrane”  
 
 
Haldane (1954) New Biology 16: 12 



 During the first twenty years following the 1953 Miller 
experiment, attempts to understand the origin of life were 
shaped, to a considerable extent,  

 

1)  scientifically,  

   * by the fact that since the late 1940´s, evolutionary 
biology became an established field of research;  

  * the unraveling of the details of DNA replication & protein 
biosynthesis; and 

   * the development of space programs 

 

 2)  in socio-political terms, by the atmosphere created by 
 Cold War tensions. 



A painful, excruciating situation: Cold War politics, 
ideology and science 

 
“[the suggestion based on Haeckel that] protoplasm 
had originated first and had the capability of 
manufacturing not only the genetic material but also 
its own complex organization! The Russian Oparin 
has since the early 1930’s espoused this view and 
has followed the official Communist Party line by 
giving the specific genetic materials a back seat.” 
 
H. J. Muller 1961  
 
cf. Falk & Lazcano (2012) 







 

 In sociopolitical terms!. 
 

 “I do not know how to advise you. I think each of us must 
make his own mind about this. The nuclear scientists went 
some time ago, and if they will let the nuclear scientists go 
in the United States without stigmatizing them, I should 
think that innocent people like us might also go, but one 
never knows how what a McCarthy will do in the future. It 
is a very sad situation.” 

 

 Harold C. Urey to Stanley L. Miller, April 13, 1957 

 





DNA 

DNA RNA protein 



From the early 1950s onwards the road to proposals 
of an RNA World was paved by  

 
 
1)  The embracement of the idea that primitive life had RNA 

genomes (Haldane, Bernal, Pirie, Oparin, Belozerki, 
Brachet, Lipmann);  

 
2)  Proposals of an ancestral metabolism catalyzed by 

ribonucleotidyl coenzymes (Eakin, Handler, Orgel, White 
III); 

 
3)  The awareness of the complex tertiary structures of RNAs 

and their key roles in protein biosynthesis (Smithies, Crick, 
Orgel) 

 
 
       cf. Lazcano (2012) Hist.Phil.Life Sci. 34: 407   



Some viruses have RNA 
 
Analysis of TMV show a preparation that contained “0.5 per 
cent phosphorus and 2.5 per cent carbohydrate. The last 
two constituents can be isolated as nucleic acid of the 
ribose type from protein denatured by heat.” 
 
C. F. Bawden, C. F., Pirie, N. C., J. D. Bernal, J. D. and I Frankuchen (1936) 
Liquid crystalline substances from virus-infected plants. Nature 138: 1051 
 
 
 
 
This is followed by the demonstration that the infectivity of 
the TMV was due to RNA by Fraenkel-Conrat, Schramm 
and others  
 



In the early 1950s, it was argued that since 
 
a)  some viruses, like the tobacco mosaic 

virus, have RNA genomes; and  

b)  viruses can be crystalized, leading many to 
argue they may be at the threshold of life, 

 
       therefore, RNA genomes must be primitive 

A broken watch gives the right time now and then! 

cf. Lazcano (2012) Hist.Phil.Life Sci. 34: 407   



Neidhart, Ingraham & Schaechter (1990) 

In the 1950s, Brachet and Belozersky independently concluded that the 
abundance of RNA molecules was an indication of its antiquity 

Jean Louis Auguste Brachet�

Andrei Nikolaevich Belozersky  



August 22, Thursday 
 
! Next we visited the Biochemical Institute and spent most of our time in 
BELOZERKY’s lab. He studies plan biochemistry and antibiotics. We saw 
his office with a rug on the floor and the his lab for students. The apparatus 
was not bad, about 10 to 15 years behind our biochemical labs!. 
 
! We talked with two of Belozerky’s students. One has just completed his 
candidates degree (equivalent to Ph.D.). His dissertation was on the 
polyphosphates in microorganisms. He said that the polyphosphates were 
discovered in 1887 but not studied again until 1936 when a little work was 
done. Then in 1946 work began again. The polyphosphates are not meta 
phosphates which are cyclic structures, but rather stright (sic) chain 
polymers. This students was rather heavy set and one could see that he 
was no moron! 
 
 
Stanley L. Miller, Notes on the “Trip to Moscow for the First International Symposium on the 
Origin of Life, August 18-30, 1957”, S. L. Miller Archives, Mandeville Special Collections in the 
Geisel Library, UCSD campus 



“!There is no doubt that nucleic acids played an important 
role in the evolution of the organic world and metabolic 
reactions. Yet both RNA and DNA could hardly arise 
simultaneously in the early evolution of life. It rather seems 
that ribonucleotides, and then RNA, originated first. DNA 
came into existence far more recently, as the protoplasm 
became more differentiated and its functions grew in 
complexity. 
 
“It seems that RNA, being associated with the most general 
processes of life, was formed at an earlier evolutionary 
stage, while the origin of DNA was associated with the 
development of more specialized and phylogenetically later 
features of organisms” 
 
A.N. Belozersky, 1957 (1959) 



Coenzymes play a key role in many enzyme-
mediated catalytic processes 



Neveu, Kim & Benner, 2013 

Some ribonucleotidyl coenzymes 



Philip Handler (1917-1981) 

Coenzymes as primordial catalysts 

Robert E. Eakin (1916–1979) 

Leslie E. Orgel (1927-2007) Harold B. White III 

Eschenmoser & Loewenthal 1992 





Francis H. Crick (1968) 

Carl R. Woese (1967) 

Early proposals of an RNA World 

 catalytic RNA    

replicative RNA 
Alex Rich (1962) 

L. E. Orgel (1968) 



Bada & Lazcano (2003) Science 300: 745 

1924 - 1929 1961  

1953 

1900  

1861 

1850 

1828 

1800 2000 



During the two decades following the first suggestion 
of an RNA World,  
 
 
a)  Many accepted the idea that RNA genomes came prior to 

DNA cell genomes; 

b)  Many accepted the possibility that coenzymes were 
vestiges of an RNA World stage (but few worked on it); 

c)  Some accepted the idea that histidine was a molecular 
vestige of an RNA World stage (but no one worked on this 
possibility); 

d)  No one was really working on the possible catalytic 
properties of RNA molecules 



RNA has catalytic properties 



In vivo & in vitro biochemical catalysis  

Hernández-Morales, Becerra & Lazcano 2014 (submitted) 



The heterotrophic theory of the origin of life: 
a contemporary reassessment 

      

reducing atmosphere  

synthesis of organic compounds 
& formation of the primitive soup 

coacervates 

anaerobic heterotrophic 
bacteria 

synthesis & accumulation of  
organic compounds 

RNA World 

DNA/RNA/protein cells 



What is the RNA World? 
 
There are many definitions of the RNA World, including 
several contradictory ones.  
 
The available evidence suggest that during early stages of 
biological evolution RNA molecules played a much more 
conspicuous role in genetic and catalytic processes. 
 
Acknowledgement of the antiquity of RNA must also 
recognize its coexistence with many other compounds, 
including the products of reactions of ribonucleotides with 
other molecules. Nowadays these are best represented by 
histidine, many coenzymes, and alarmones. 



The heterotrophic origin of life: 
a contemporary reassessment 

synthesis & accumulation of  
organic compounds 

RNA World 

RNA/protein cells 



Consilience* and the heterotrophic 
theory of the origin of life 

 
It is impossible to demonstrate that this is the 
evolutionary pathway that led to the origin and 
early evolution of life.  
 
However, the available evidence from widely 
different scientific fields is consistent with the 
possibility that it happened this way. 
 
* E. O. Wilson (1998) Consilience: the unity of knowledge (Knopf, New York) 



“It is mere rubbish thinking at present of 
the origin of life; one might as well think of 
the origin of matter…”"
Charles Darwin (1887)"
"

“This does not mean that we should 
accept wild hypothesis of the origin of life 
or of matter, which simply conceal 
ignorance, but rather that we should 
attempt almost from the outset to produce 
careful and logical sequences in which we 
can hope to demonstrate that certain 
stages must have preceded certain others, 
and from these partial sequences 
gradually built up one coherent history. 
There are bound to be gaps where this 
cannot be done, but until the process is 
attempted these gaps cannot be located, 
nor can the attempt be made to fill them 
up…” 


