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Abstract 

Most scientists support the theory that life originated from the prebiotic chemistry of 
early Earth. For decades, this was one of the most intriguing unsolved questions in 
biology. Proteins are considered as the workhorses of the living cell and have been 
key players throughout the evolution of all biological organisms, from the chemical 
origin of life on planet Earth to the present era. Now it is accepted that amino acids, 
the building blocks of proteins, were abiotically available on primitive Earth. Peptides 
are likely to have coevolved with ancestral forms of RNA. The Ribosome is the most 
evident product of this coevolution process, a sophisticated nanomachine that 
performs the synthesis of proteins codified in RNA genomes. Ribosome is the 
organelle of the biological cell that functions constantly for protein synthesis, as an 
intercellular structure made of both RNA (ribonucleic acids) and proteins. 
Biologists have theorized for a long time that nature tinkered with simpler RNA (than 
DNA) to overcome the problems of self-replication and storage of information. Today, 
the Ribosome stands as the most important molecular fossil that supports the 
existence of an RNA world. The ribosome is an efficient nanomachine that 
recognizes messenger RNA (mRNA) and translates its information into functional 
proteins.  In 2009 the Nobel Prize in Chemistry was awarded jointly to Prof. 
Venkatraman Ramakrishnan, MRC Laboratory of Molecular Biology, Cambridge, UK, 
Thomas A. Steitz, Yale University, USA and Ada E. Yonath, Weizmann Institute of 
Science, Rehovot, Israel: “for studies of the structure and function of the ribosome”. 

The significance of the Nobel Prize on the Ribosome emphasized its fundamental 
role in the biological cell that translate the DNA genetic code into functional proteins 
for all living organisms. The Ribosome reads the messenger RNA (mRNA) sequence 
and translates that genetic code into a specified string of amino acids, which grow 
into long chains that fold to form elongated proteins. 
The Ribosome birth, details of which remain hypothetical, would have created a 
fundamental shift in this prebiotic period of time. The RNA-dominated world, provided 
a key ingredient to all life as we know it. Ada Yonath, (Weizmann Institute) and her 
research group first conceptualized the ‗Protoribosome‘ idea nearly 20 years ago, 
after she and others determined the structure of the modern Ribosome. But to solidify 
the case for the hypothetical Protoribosome, Yonath and her research laboratory 
would have to build it. It was a project that other scientists have watched with 
interest, as well as her laboratory‘s achievements in the past two years. They created 
a primitive RNA machine that can link two amino acids together. The results have 
created a ripple of excitement among the scientific community. 
This review deals with the basic facts of Ribosome and its key role in the synthesis of 
proteins. Also, describes some of the stages of the latest scientific project from a very 
interesting feature article in the prestigious scientific journal Nature (February 2023). 
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Introduction: chemical evolution and the origin of life on Earth 
 

The solar system was formed about 5.5 billion years ago, and took a 

billion or so years to cool. When the solar system settled into its current layout 

about 4.5 billion years ago, planet Earth was formed when gravity pulled 

swirling gas and dust. Chemical evolution and the origins of life is a topic that 

spans and transcends many scientific domains. The origin of life is topic that 

enduringly captures the imagination of scientists and the general public alike. 

From the perspective of chemical sciences and research chemists the 

chemical origin of life is focused on understanding how elements and 

molecules that accumulated on the young planet Earth, can transform, under 

the abiotic geochemical constraints, into self-assembling, self-sustaining 

interactive systems. 

 

Figure 1. There are many scientific publications on the chemical origin of life 
from prebiotic chemistry reactions on primitive Earth. The latest book (2021, 
Springer) provides a broad overview of the origin and evolution of life on Earth 
from a chemical and biological perspective, combining prebiotic and organic 
chemistry, geochemistry, molecular biology and evolution. 
 

Alexander Oparin (Soviet biochemist notable for his pioneering theories 

about the origin of life) described in 1924 the evolution of primitive Earth and 

the transformation of matter from mineral molecules to organic molecules in  

his book ―The Origin of Life‖ 1924 (first in Russian, 1938 was translated in 

English). Also, J.B.S. Haldane (Great Britain) a famous scientist who worked 

in physiology, genetics and evolutionary biology; published a hypothesis on 

his article on abiogenesis in 1929 that introduced the "primordial soup theory" 

for the origin of life. He had hypothesized that the conditions on primitive 

planet Earth would have favoured the kind of chemical reactions that could 

synthesize complex organic molecules from simple inorganic precursors, 

https://en.wikipedia.org/wiki/Physiology
https://en.wikipedia.org/wiki/Genetics
https://en.wikipedia.org/wiki/Evolutionary_biology
https://en.wikipedia.org/wiki/Abiogenesis
https://en.wikipedia.org/wiki/Primordial_soup
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sometimes known as the "primordial soup" hypothesis. Amino acids formed 

first, becoming the building blocks that, when combined, made more complex 

polymers with peptide bonds, proteins. 

It is known for a long time that Proteins are the workhorses of the 

biological cell and have been key players throughout the evolution of all 

organisms, from the origin of life to the present era. How might life have 

originated from the prebiotic chemistry of early Earth? This is one of the most 

intriguing unsolved questions in biology. Currently, however, it is generally 

accepted that amino acids, the building blocks of proteins, were abiotically 

available on primitive Earth, which would have made the formation of early 

peptides in a similar fashion possible. Peptides are likely to have coevolved 

with ancestral forms of RNA. The Ribosome is the most evident product of 

this coevolution process, a sophisticated nanomachine that performs the 

synthesis of proteins codified in genomes.  

Biologists have theorized for a long time that nature tinkered with 

simpler RNA (than DNA which is more complicated and high molecular weight 

double helix) to overcome the problems of self-replication and storage of 

information. Today, the ribosome stands as the most important molecular 

fossil that supports the existence of an RNA world. The ribosome 

nanomachine recognizes messenger RNA (mRNA) and translates its 

information into functional proteins.1,2,3  

 

Figure 2.  Within the ribosome, the mRNA molecules direct the catalytic steps 
of protein synthesis — the stitching together of amino acids to make a protein 
molecule. 
 

https://en.wikipedia.org/wiki/Primordial_soup
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RNA is produced as needed in response to the dynamic cellular 

environment and the immediate needs of the biological organism. It is 

mRNA‘s job to help fire up the cellular machinery to build in the ribosome the 

proteins, as encoded by the DNA, that are appropriate for that time and place. 

The DNA double helix is an elegant structure that allows the genetic 

information (genes) to be stored, protected, replicated, and repaired. 

The development of Ribosomes organelles in the cell allowed 

Darwinian evolution of a new metabolism in changing Earth conditions. 

Ribosomes are intercellular structures made of both RNA and protein, and are 

the sites of protein synthesis in the cell. The ribosome reads the messenger 

RNA (mRNA) sequence and translates that genetic code into a specified 

string of amino acids, which grow into long chains that fold to form elongated 

proteins. The importance of ribosomes in the origin of life on Earth was 

recognized with the 2009 Nobel Prize in Chemistry that was jointly awarded to 

Venkatraman Ramakrishnan, Thomas A. Steitz, and Ada E. Yonath ―for 

studies of the structure and function of the Ribosome‖. These structural 

biologists have been able to reconstruct the path from the ancient 

―protoribosome” to the modern vertebrate-ribosome that we observe today 

in humans. The development of ribosomes has been recognized as a key 

step that allowed Darwinian evolution of a new metabolism in changing Earth 

conditions. In particular, the elongation and evolution of the ribosomal exit 

tunnel might have allowed the appearance of specialized enzymes to cope 

with environmental challenges. 

Most scientists support the idea that biological life requires an aqueous 

environment, and it is a cornerstone of many ideas regarding the origins of 

Earth's early organics that the early atmosphere might have been reducing. 

But whether the Earth‘s early atmosphere was ever reducing remains 

contentious, but it seems unlikely that it was for very long. An N2/CO2-

dominated atmosphere may be the most stable state in the absence of 

biology. Oxygen in the present Earth‘s atmosphere is almost entirely 

generated from biological photosynthesis. The oxygen (O2) in Earth‘s 

atmosphere was usually assumed to have evolved later, particularly with the 

emergence of cyanobacteria (blue-green algae), around 2.5 billion years ago. 
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Spark discharge experiments using CH4, CO, or CO2 as a carbon 

source with various amounts of H2 show that methane is the best source of 

amino acids, but CO and CO2 are almost as good if a high H2/C ratio is used. 

All biochemistry text books describe the early experiments of Stanley Miller 

and Harold Urey (1953, University of Chicago) showing that subjecting a 

gaseous, reducing, chemical mixture (CH4, NH3, H2) that might resemble the 

early Earth's atmosphere to electrical discharge could produce relatively 

complex organic compounds such as amino acids and simple organic acids.4-5 

 

Figure 3. “Prebiotic chemistry‖ is a set of chemical reactions of inorganic 

substances which occurred under primitive conditions before simple life 
began. The Miller-Urey experiment provided the first evidence that organic 
molecules needed for life could be formed from inorganic components in a 
reducing atmosphere (CH4, H2, NH3). Also, it was shown that a CO-CO2-N2-
H2O atmosphere can give a variety of bioorganic compounds with yields 
comparable to those obtained from a strongly reducing atmosphere. 
Atmospheres containing CO carbon monoxide might therefore have been 
conducive to prebiotic synthesis and perhaps the origin of life.  

 

The Miller-Urey experiment inspired many other scientists later to 

synthesize the nucleotide base Adenine (Joan Oró, 1961) from hydrogen 

cyanide (HCN) and ammonia (NH3) in a water solution. Also, many amino 

acids are formed from HCN and ammonia under these conditions. (Oró J, 

Kamat SS, 1961 Amino-acid synthesis from hydrogen cyanide under possible 

primitive earth conditions. Nature 190: 442–443, 1961) Experiments 

conducted later showed that the other RNA and DNA nucleobases (Guanine, 

Cytosine, Thymine, Uracil) could be obtained through simulated prebiotic 

https://en.wikipedia.org/wiki/Nucleotide
https://en.wikipedia.org/wiki/Adenine
https://en.wikipedia.org/wiki/Joan_Or%C3%B3
https://en.wikipedia.org/wiki/Hydrogen_cyanide
https://en.wikipedia.org/wiki/Hydrogen_cyanide
https://en.wikipedia.org/wiki/Hydrogen_cyanide
https://en.wikipedia.org/wiki/Ammonia
https://www.semanticscholar.org/paper/1aea2775f328d439e5bb65e61fdf3b988d829052
https://www.semanticscholar.org/paper/1aea2775f328d439e5bb65e61fdf3b988d829052
https://en.wikipedia.org/wiki/Nucleobase
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chemistry with a reducing atmosphere [Oró J, Fox SW (Eds.). Origins of 

Prebiological Systems and of Their Molecular Matrices. Academic Press, New 

York. p.137, 1967].  

Along these lines, scientists have also proposed that amphiphilic 

molecules can be synthesized under plausibly prebiotic conditions and these 

molecules could assemble into protocells. Professor Jack Szostak  (2009, 

Szostak shared the Nobel Prize in Physiology or Medicine with Elizabeth 

Blackburn and Carol Greider for the discovery of how chromosomes are 

protected by telomeres) has proposed that lipid membranes could self-

assemble into protocells and trap the nucleotides and peptides in such 

assemblies. However, which came first: proteins or nucleic acids? Neither or 

both? It has been proposed that RNA could be the answer to the problem. 

RNA can perform similar functions to DNA, storing information but, in addition, 

also folding and catalyzing reactions similarly to proteins. The RNA world 

hypothesis, formulated by Carl Woese and Leslie Orgel in the 1960s, states 

that the most prominent molecule constituent of life was RNA or something 

chemically like RNA. This means that it was a simple biological molecule that 

could replicate, transfer information, and additionally catalyze reactions.6  

 

The significance of the Ribosome in the origin of life 

The ribosome is a fundamental organelle in the cell. It is an ancient 

molecular fossil that provides a telescopic view to the origins of life on planet 

Earth. Made from ribonucleic acid (RNA) and protein, the ribosome translates 

messenger RNA (mRNA) to coded protein in all living systems. The first stage 

is called translation, where ribosomal subunits assemble together like a 

sandwich on the strand of mRNA, where they proceed to attract transfer RNA 

(tRNA) molecules tethered to amino acids. Transfer RNA serves as an 

adaptor between the messenger RNA and the growing chain of amino acids 

that make up a protein. A long chain of amino acids emerges as the ribosome 

decodes the mRNA sequence into a polypeptide, or a new protein. 

The translation machinery dominates the set of genes that are shared 

as orthologues across the tree of life. The lineage of the translation system 

defines the universal tree of life. The function of a ribosome is to build 

https://en.wikipedia.org/wiki/Reducing_atmosphere
https://www.nobelprize.org/prizes/medicine/2009/summary/
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ribosomes; to accomplish this task, ribosomes make ribosomal proteins, 

polymerases, enzymes, and signaling proteins. Every coded protein ever 

produced by life on Earth has passed through the exit tunnel, which is the 

birth canal of biology. During the root phase of the tree of life on Earth, before 

the last universal common ancestor of life (LUCA), exit tunnel evolution is 

dominant and unremitting. The ribosome shows that protein folding initiated 

with intrinsic disorder, supported through a short, primitive exit tunnel. RNA 

chaperoned the evolution of protein folding from the very beginning. The 

universal common core of the ribosome, with a mass of nearly 2 million 

Daltons, was finalized by LUCA. The ribosome entered stasis after LUCA and 

remained in that state for billions of years.7  

 

Nobel Prize of Chemistry 2009 for the structure and function 
of the ribosome 

 In 2009 The Royal Swedish Academy of Sciences decided to award 

the Nobel Prize in Chemistry jointly to Venkatraman Ramakrishnan, MRC 

Laboratory of Molecular Biology, Cambridge (United Kingdom), Thomas A. 

Steitz, Yale University, New Haven, CT (USA) and Ada E. Yonath, 

Weizmann Institute of Science, Rehovot (Israel): 

“for studies of the structure and function of the ribosome”. 

The significance of the Nobel Prize on the Ribosome emphasized the 

fundamental role in the biological cell that translate the DNA code into 

functional proteins for life organisms. Ribosomes produce proteins, which in 

turn control the chemistry and metabolism in all living organisms. The three 

scientists experimented for decades and their results showed what the 

ribosome looks like and how it functions at the atomic level. All three have 

used X-ray crystallography to map the position for each and every one of the 

hundreds of thousands of atoms that make up the ribosome. Deoxyribonucleic 

acids (DNA) are molecules that encode an organism's genetic blueprint 

(genes) expressing the information required to build and maintain an 

organism. They contain the genetic blueprints for how a human being, a plant 

or a bacterium, looks and functions. Based upon the information in DNA 

(genes), ribosomes make proteins: oxygen-transporting haemoglobin, 

http://www.kva.se/en/
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antibodies of the immune system, hormones such as insulin, the collagen of 

the skin, or enzymes that break down sugar. There are tens of thousands of 

proteins in the human body, animals and plants and they all have different 

forms and functions. The chemical origin of life on Earth and the prebiotic 

reactions that occurred in the primitive Earth have been investigated under 

numerous experiments. These results support exceptional environmental 

conditions and large number of simple biological molecules that were 

synthesized. In addition to synthesis in the Earth's primordial atmosphere and 

oceans, it is likely that the infall of comets, meteorites, and interplanetary dust 

particles, as well as submarine hydrothermal vent synthesis, may have 

contributed to prebiotic organic evolution.5, 8-13  

 

Structure and function of Ribosomes for protein synthesis 
 

A ribosome is an intercellular structure made of both RNA (ribonucleic 

acid) and protein, and it is the site of protein synthesis in the biological cell.14  

 

 
Figure 4. Ribosomes are organelles in the biological cell. The fundamental 

function is in protein synthesis. Ribosomes are macromolecular machines that 
perform biological protein synthesis linking amino acids together in the order 
specified by the codons of messenger RNA (mRNA) molecules to form 
polypeptide chains. Ribosomes consist of two major components: the small 
and large ribosomal subunits. 



 

9 
 

 

Figure 5. Ribosomes are composed of two subunits that come together to 

translate messenger RNA (mRNA) into polypeptides and proteins during 
translation and are typically described in terms of their density. Transfer RNA 
(abbreviated tRNA) is a small RNA molecule that plays a key role in protein 
synthesis. Transfer RNA serves as a link (adaptor) between mRNA molecule 
and the growing chain of amino acids that make up a protein.14 

 
The origin and evolution of the Ribosome  
 

The ribosome is a ribonucleoprotein factory central in cellular 

metabolism that performs protein synthesis in every cell. The ribosomes link 

amino acids together by reading the mRNA message produced by RNA 

polymerases. According to the RNA world hypothesis, this biomolecule is 

older than proteins. RNA has been demonstrated to be catalytic like current 

ribozymes (catalytically active RNA molecules or RNA–protein complexes, in 

which solely the RNA provides catalytic activity). At the beginning of life, it 

was necessary for a molecule to be autocatalytic and able to self-replicate.  

The centrality of the ribosome was used by prominent biologist Carl 

Woese to propose a natural system of organisms, namely the three domains 

of life: Archaea, Bacteria, and Eukarya. He proposed this system by 

comparing RNA sequences of the ribosomal rRNA 16S. 16S rRNA gene 

sequencing is commonly used for identification, classification and quantitation 

of microbes within complex biological mixtures. 
15 
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DNA is the genetic material present inside the nucleus of the cell. It has 

the information coding for all the proteins that are synthesized in the biological 

organism. DNA is first converted into messenger RNA (mRNA) by the process 

of transcription that takes place in the nucleus. This messenger RNA 

(mRNA) is then transferred to the cytoplasm, where it is converted into protein 

by the process of translation. 

 

“Central Dogma of Molecular Biology” and its significance 
 

The fundamental theory for the Central Dogma of Molecular Biology 

(CDMB) was developed by Francis Crick in 1958. His version was a bit more 

global and included the notion that information does not flow from proteins to 

nucleic acids.  

 

Figure 6. The ―Central Dogma in Molecular Biology‖‘ is the process by which 
the instructions in DNA are converted into a functional product (proteins). It 
was first proposed in 1958 by Francis Crick, discoverer of the structure of 
double helix of DNA. The central dogma suggests that DNA contains the 
information needed to make all of our proteins, and that RNA is a messenger 
that carries this information to the Ribosomes. 
[Francis Crick, English molecular biologist and biophysicist. He, James 
Watson, Rosalind Franklin, and Maurice Wilkins played crucial roles in 
deciphering the helical structure of the DNA molecule (1953). The Nobel Prize 
in Physiology or Medicine 1962, was awarded to Francis Crick, James 
Watson and Maurice Wilkins]. 
 

The most important step in the process of transcription is the start of 

the process, called initiation. When DNA is transcribed into mRNA, it is not 

transcribed in its entirety. Only a specific part of it is transcribed for a specific 

purpose. This part of the DNA is called a gene. Each gene contains 

information about the production of specific proteins in a biological organism. 

https://www.nobelprize.org/prizes/medicine/1962/summary/
https://www.nobelprize.org/prizes/medicine/1962/summary/
https://www.nobelprize.org/prizes/medicine/1962/crick/facts/
https://www.nobelprize.org/prizes/medicine/1962/watson/facts/
https://www.nobelprize.org/prizes/medicine/1962/watson/facts/
https://www.nobelprize.org/prizes/medicine/1962/wilkins/facts/
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Ribosomes are involved in the process of protein synthesis called 

translation. They bind with the messenger RNA (mRNA) and decode the 

information present on it, allowing the amino acids to assemble with the help 

of transfer RNA (tRNA). Ribosomes also create the peptide bond among the 

upcoming amino acids, resulting in the formation of a chain of protein. 

The discovery in 1953 of the DNA double helix, the twisted-ladder 

structure of deoxyribonucleic acid (DNA), marked a milestone in the history of 

science and gave rise to modern molecular biology. Molecular biology is 

largely concerned with understanding how genes in DNA control the chemical 

processes within cells. This discovery yielded ground-breaking insights into 

the genetic code and protein synthesis. During the 1970s and 1980s, it helped 

to produce new and powerful scientific techniques, specifically recombinant 

DNA research, genetic engineering, rapid gene sequencing, and monoclonal 

antibodies, techniques on which today's multi-billion dollar biotechnology 

industry is founded. Major current advances in science, namely genetic 

fingerprinting and modern forensics, the mapping of the human genome. The 

DNA double helix has reshaped molecular biology.  

[National Library of Medicine, The Francis Crick papers, 
https://profiles.nlm.nih.gov/ spotlight/sc/feature/doublehelix]. 

 

Figure 7. DNA is a two-stranded molecule. It is made of two helical chains or 
strands that are spirally coiled around a common axis. Nucleotide bases: 
Guanine, Cytosine, Adenine and Thymine. RNA (RiboNucleic Acids: Cytosine, 
Guanine, Adenine and Uracil), RNA is most often single-stranded. 
 

https://profiles.nlm.nih.gov/%20spotlight/sc/feature/doublehelix
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. All biological organisms are determined by their DNA 

(Deoxyribonucleic acid), which is the hereditary material in humans and almost 

all other organisms. The DNA (Deoxyribonucleic acid) contains the genes that 

determine the type of the biological organism. The DNA contains instructions 

for all the proteins the biological body makes. Proteins, in turn, determine the 

structure and function of all cells of the biological organisms. What 

determines a protein’s structure? Instructions for making proteins with the 

correct sequence of amino acids are encoded in DNA. DNA is found in 

chromosomes. In eukaryotic cells, chromosomes remain in the nucleus, but 

the proteins are made at Ribosomes in the cytoplasm. 

How do the genetic instructions in DNA get to the site of protein 

synthesis outside the nucleus? Another type of nucleic acid is responsible. 

This nucleic acid is RNA (RiboNucleic Acid). RNA is a nucleic acid present in 

all living cells that has structural similarities to DNA. However, RNA is most 

often single-stranded.  

 

Figure 8. The Central Dogma of Molecular Biology is the basis of all living 

organisms. Replication and transcription occur in the nucleus but translation in 
the cytoplasm. Messenger RNA (mRNA) is made from a DNA template during 
the process of transcription and is transferred from the nucleus into the 
cytoplasm where Ribosomes and amino acids are available for protein synthesis. 

 

An RNA molecule has a backbone made of alternating phosphate 

groups and the sugar ribose, rather than the deoxyribose found in DNA. RNA 

is a small molecule that can squeeze through pores in the nuclear membrane. 

It carries the information from DNA in the nucleus to a ribosome in the 

http://www.ck12.org/biology/Proteins
http://www.ck12.org/biology/Proteins
http://www.ck12.org/biology/Ribosomes
http://www.ck12.org/chemistry/Protein-Synthesis
http://www.ck12.org/chemistry/Protein-Synthesis
http://www.ck12.org/chemistry/Protein-Synthesis
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cytoplasm and then helps assemble the protein. The information is carried 

from DNA to RNA and then to protein: The sequence of amino acids in protein 

are encoded in genes of DNA.    :   : DNA → RNA → Protein 

Discovering this sequence of events was a major milestone in molecular 

biology. The Central Dogma in Molecular Biology is the process by which the 

instructions in DNA are converted into a functional product (proteins). 

DNA → RNA → Protein, or DNA to RNA to Protein. 

 

Steps in accessing genetic information and the function of 
Ribosomes in the synthesis of proteins  

 
The assessment of genetic information in biological systems is a highly 

complicated process involving some specialized molecules. There are 3 

general classes of RNA molecules that are involved in expressing the genes 

encoded within a cell's DNA.  

a. messenger RNA (mRNA) molecules that carry the coding sequences 
for protein synthesis and are called transcripts;  

b. ribosomal RNA (rRNA) molecules that form the core of a cell's 
ribosomes (the structures in which protein synthesis takes place); and  

c. transfer RNA (tRNA) molecules that carry amino acids to the ribosomes 
during protein synthesis. 

 

 

Figure 9. Three general classes of RNA : messenger RNA (mRNA), 
ribosomal RNA (rRNA) and transfer RNA (tRNA). 
 

A eukaryotic cell is a diverse domain of organisms whose cells have a 

nucleus. All animals, plants, fungi, and many unicellular organisms, are 

eukaryotes. In eukaryotic cells, each class of RNA has its own polymerase. 
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The mRNA is the most variable class of RNA, and there are literally 

thousands of different mRNA molecules present in a cell at any given time. 

Some mRNA molecules are abundant, numbering in the hundreds or 

thousands, as is often true of transcripts encoding structural proteins.  

RNA molecules differ from DNA molecules because they are single 

stranded rather than double stranded; their sugar component is a ribose 

rather than a deoxyribose; and they include Uracil (U) nucleotides rather than 

Thymine (T) nucleotides. 

Cells can be characterized by the spectrum of mRNA molecules 

present within them; this spectrum is called the transcriptome. Whereas 

each cell in a multicellular organism carries the same DNA or genome, its 

transcriptome varies widely according to cell type and function. For instance, 

the insulin-producing cells of the pancreas contain transcripts for insulin, but 

bone cells do not. Even though bone cells carry the gene for insulin, this gene 

is not transcribed. The transcriptome functions as a kind of catalog of all of the 

genes that are being expressed in a cell at a particular point in time. 

 

Figure 10. The endoplasmic reticulum of this eukaryotic cell is studded with 

ribosomes. Electron micrograph of a pancreatic exocrine cell section. [Nature 

Publishing Group Schekman, R. Merging cultures in the study of membrane 

traffic. Nature Cell Biology 6: 483-486, 2004]. 

Ribosomes are the sites in a cell in which protein synthesis takes 

place. Cells have many ribosomes, and the exact number depends on how 

active a particular cell is in synthesizing proteins. For example, rapidly 

http://www.nature.com/
http://www.nature.com/
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growing cells usually have a large number of ribosomes. Ribosomes are 

complexes of rRNA molecules and proteins, and they can be observed in 

electron micrographs of cells. Sometimes, ribosomes are visible as clusters, 

called polyribosomes. In eukaryotes (but not in prokaryotes), some of the 

ribosomes are attached to internal membranes, where they synthesize the 

proteins that will later reside in those membranes, or are destined for 

secretion. Although only a few rRNA molecules are present in each ribosome, 

these molecules make up about half of the ribosomal mass. The remaining 

mass consists of a number of proteins — nearly 60 in prokaryotic cells and 

over 80 in eukaryotic cells. Within the ribosome, the rRNA molecules direct 

the catalytic steps of protein synthesis — the stitching together of amino acids 

to make a protein molecule. In fact, rRNA is sometimes called a ribozyme or 

catalytic RNA to reflect this function. 

 

Figure 11. The information for making proteins is carried in each cell‘s DNA. 

Transcription: a temporary copy of information in RNA is made using DNA as 
a template. Translation: the base sequence of mRNA is decoded to make a 
sequence of amino acids [ https://www.csus.edu/indiv/l/loom/lect8.htm ]. 

After the transcription of DNA to mRNA is complete, translation— or 

the reading of these mRNAs to make proteins — begins. Recall that mRNA 

molecules are single stranded, and the order of their bases — Adenine (A), 

Uracil (U), Cytosine (C), and Guanine (G) — is complementary to that in 

specific portions of the cell's DNA. Each mRNA dictates the order in which 

amino acids should be added to a growing protein as it is synthesized. In fact, 
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every amino acid is represented by a three-nucleotide sequence or codon 

along the mRNA molecule. For example, AGC is the mRNA codon for the 

amino acid Serine, and UAA is a signal to stop translating a protein — also 

called the stop codon. Molecules of transport RNA (tRNA) are responsible 

for matching amino acids with the appropriate codons in mRNA. Each tRNA 

molecule has two distinct ends, one of which binds to a specific amino acid, 

and the other which binds to the corresponding mRNA codon. During 

translation, these tRNAs carry amino acids to the ribosome and join with their 

complementary codons. Then, the assembled amino acids are joined together 

as the ribosome, with its resident rRNAs, moves along the mRNA molecule in 

a ratchet-like motion. The resulting protein chains can be hundreds of amino 

acids in length, and synthesizing these molecules requires a huge amount of 

chemical energy. 

 

Figure 12. A codon is a DNA or RNA sequence of three nucleotides (a 
trinucleotide) that forms a unit of genomic information encoding a particular 
amino acid or signaling the termination of protein synthesis (stop signals). 
There are 64 different codons: 61 specify amino acids and 3 different condons 
are used as stop signals. 
 

Cellular DNA contains instructions for building the various proteins the 

cell needs to survive. In order for a cell to manufacture these proteins, specific 

genes within its DNA must first be transcribed into molecules of mRNA; then, 

these transcripts must be translated into chains of amino acids, which later 

fold into fully functional proteins. Although all of the cells in a multicellular 

organism contain the same set of genetic information, the transcriptomes of 

https://www.nature.com/scitable/topicpage/the-information-in-dna-determines-cellular-function-6523228
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different cells vary depending on the cells' structure and function in the 

organism.16 

 

What does the “RNA world hypothesis” propose? 

The RNA World Hypothesis is a concept put forth in the 1960s by 

Carl Woese, Francis Crick and Leslie Orgel. It proposes that earlier life forms 

may have used RNA alone for the storage of genetic material. Walter Gilbert, 

a Harvard molecular biologist, was the first to use the term "RNA World" in an 

article published in 1986. The hypothesis propose that DNA later became the 

genetic material as a result of evolution, because RNA was a relatively 

unstable molecule. According to the RNA World Hypothesis, around 4 billion 

years ago, RNA was the primary living substance, largely due to RNA‘s ability 

to function as both genes and enzymes. 

The RNA world hypothesis proposes that the first unit of genetic 

information was RNA as opposed to DNA. This has been hypothesized 

because some forms of RNA have self-catalytic properties (the ribozyme). A 

big problem that models of early cells have to grapple with is the fact that 

reactions have to be pushed along by enzymes, which are big and 

complicated. The Catch-22 there is that complex reactions require enzymes, 

yet complex reactions are needed to make enzymes in the first place. 

Therefore, people think a simpler structure made out of solely RNA could be 

responsible for moving along the evolution of the cell in its early days. RNA is 

also a bit simpler than DNA in terms of its structure, but is a lot less stable. 

This suggests DNA was a later innovation to reduce mutation risk. 

The RNA world hypothesis is supported by the observations that 

ribosomes are ribozymes: the catalytic site is composed of RNA, and proteins 

hold no major structural role and are of peripheral functional importance. This 

was confirmed with the deciphering of the 3-dimensional structure of the 

ribosome in 2001. 

[Woese C. The Genetic Code, pp.179–195 Harper and Row, New York, 1967.  
Orgel Leslie E. Prebiotic chemistry and the origin of the RNA world. Critical 
Rev Biochem Molecular Biology.39 (2): 99–123, 2004. 
Crick FH. The origin of the genetic code. Journal of Molecular Biology. 38(3): 
367–79, 1968.]. 

 

https://www.quora.com/What-does-the-RNA-world-hypothesis-propose
https://www.quora.com/What-does-the-RNA-world-hypothesis-propose
https://pubmed.ncbi.nlm.nih.gov/15217990/
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Figure 13. The ―RNA world hypothesis‖ suggests that life on Earth began 
with a simple RNA molecule that could copy itself. The RNA world hypothesis 
suggests that life on Earth began with a simple RNA molecule that could copy 
itself without help from other molecules. DNA, RNA, and proteins are central 
to life on Earth. 

 
“Protoribosome”, an idea for an early-Earth RNA capable to 
build proteins 
 

The prestigious scientific journal Nature in March 2023 published a 

news feature article under the title: Dance A. “How did life begin? One key 

ingredient is coming into view”. 

[Dance A. How did life begin? One key ingredient is coming into view. Nature 

615 (7950):22-25, 2023 [ DOI: 10.1038/d41586-023-00574-4 ]. 

The Nature’s feature article contained information on Nobel laureate 

Professor Ada Yonath (structural biologist, Weizmann Institute of Science, 

Israel) and her research team who first conceptualized this „Protoribosome‟ 

idea nearly 20 years ago, after she and others determined the structure of the 

modern ribosome, a feat that later secured A. Yonath a share of the 2009 

Nobel Prize in Chemistry with other two scientists. 

 The feature article was referring to the research paper of Yonath and 

her research team:  

[Bose T, Fridkin G, Davidovitch C, Krupkin M, Diager N, Falkovitch AH, Peley 
Y, Agmon I, Bashan A, Yonath A. Origin of life: protoribosome forms peptide 
bonds and links RNA and protein dominated worlds. Nucleic Acids Research 
5094:1815-1828, 2022].  
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 Most scientists agree that in the prebiotic environment of the primitive 

Early Earth (billions of years ago) there was a high probability for the 

presence of simple organic molecules like RNA in the primordial or prebiotic 

soup. Probably, DNAs were still absent because of their high molecular 

weight and sensitive double helix structures.  

By recreating the primordial soup, scientists identified how a cocktail of 

specific amino acids informed the genetic code of every single lifeform on the 

planet. These molecules were probably swirling around with amino acids and 

other rudimentary biomolecules, merging and diverging, on an otherwise 

lifeless crucible of a planet. 

The feature article in Nature (Dance A, 2023) ―…..Then, somehow, 

something special emerged: a simple machine, a pocket made of RNAs, with 

the ability to place amino acids next to one another and maybe link them into 

chains. This was the macromolecule that would gradually evolve into the 

Ribosome, the RNA–protein complex responsible for translating genetic 

information into proteins…..‖. 

The “RNA world” hypothesis is seen as one of the main contenders 

for a viable theory on the origin of life. 

[Gilbert, W. The RNA world. Nature  319: 618-, 1986.] 
[Agmon I; Bashan A; Yonath A. On ribosome conservation and evolution. 
Israel J. Ecol. Evolution 52: 359–374, 2006] 
 

Biologists suggest that relatively small RNAs have catalytic power, 

RNA is everywhere in present-day life, the ribosome is seen as a ribozyme, 

and rRNA and tRNA are crucial for modern protein synthesis. 

[van der Gulik PTS, Speijer D. How amino acids and peptide shape the RNA 

world. Life 5(1): 230-246, 2015. 19 January 2015. doi: 10.3390/life5010230 ]. 

―……The Ribosome birth, scientists agree that the details of which 

remain hypothetical, would have created a fundamental shift in this prebiotic, 

RNA-dominated world, providing a key ingredient to all life as we know it. Ada 

Yonath  and her research team first conceptualized this „Protoribosome‟ idea 

nearly 20 years ago, after she and others determined the structure of the 

modern ribosome, a feat that later secured Yonath a share of the 2009 Nobel 

Prize in Chemistry. 

https://doi.org/10.3390%2Flife5010230
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―…….But to solidify the case for the hypothetical Protoribosome, 

Yonath and her research laboratory would have to build it. It was a project that 

other scientists have watched with interest, as well as her laboratory‘s 

achievements in the past two years. They created a primitive RNA machine 

that can link two amino acids together.  The results have created a ripple of 

excitement among the scientific community. 

[Bose T, Fridkin G, Bashan A, Yonath A. Origin of Life: chiral short RNA 
chains capable of non-enzymatic peptide bond formation. Israel J of 
Chemistry  61: 863-872, 2021.  
Bose T, Fridkin G, Davidovitch C, et al., Yonath A. Origin of life: 
protoribosome forms peptide bonds and links RNA and protein dominated 
worlds. Nucleic Acids Research 5094:1815-1828, 2022 ]. 
 

―……A group in Japan, working separately and led by molecular 

biologist Koji Tamura at the Tokyo University of Science, has succeeded in 

creating a similar, functional Protoribosome that has results strongly 

supportive of Ada‘s  research results on the protoribosome idea….‖.  

[Kawabata, M, Kawashima, et al. Tamura K. Peptide bond formation between 
aminoacyl-minihelices by a scaffold derived from the peptidyl transferase 
center. Life 12(4): 573-, 2022.]. 
 

―…….Although doubts and caveats remain, Yonath‘s and Tamura‘s 

work seems to recapitulate a milestone on the road from primordial organic 

molecules to the Ribosome used by the last common ancestor of all living 

things. This was no simple task: In Yonath‘s group, the project was passed 

from researcher to researcher and took more than 15 years to succeed. The 

work has now opened the door for origin-of-life scientists to fill in further 

details. And others are looking at the protoribosome, or something like it, as a 

tool to create new kinds of biomolecule ….‖. 

―……..Scientists have been attempting to recreate some semblance of 

the chemical origin of biomolecules for decades; it was 70 years ago that 

Stanley Miller (University of Chicago) sparked a gas mixture to create organic 

compounds. Researchers suggested the Ribosome could have started as a 

molecule made solely of RNA, an idea that was supported 40 years ago with 

the proof that RNAs can catalyse reactions. This led to the „RNA world‟ 

hypothesis, which describes a time, before cells or actual life, when RNAs 

replicated and catalysed reactions. Yonath A.  proposed that there were 
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plenty of RNAs on early Earth, but most of them don‘t exist any more because 

they were small and not useful. Unlike the Protoribosome, that was the one 

that lasted.  

―……Yonath and her colleagues published high-resolution structures 

for the two protein–RNA subunits that make up a ribosome in the early 2000s. 

[Schluenzen F. et al. Structure and functionally activated small ribosomal 
subunit at 3.3 A resolution. Cell 102: 615–623, 2000.] 
[Harms J. et al. High resolution structure of the large ribosomal subunit from a 
mesophilic eubacterium. Cell 107: 679–688, 2001]. 

 
―……In 2006, when Yonath started asking her team about the evolution 

of the ribosome, Agmon suggested looking closely at the semi-symmetrical 

region containing the PTC. The small subunit provides the decoding site while 

the large one comprises the site for peptide bond formation, which is 

composed almost solely of ribosomal RNA (rRNA) chains and is named the 

peptidyl transferase center (PTC). The PTC, situated at the heart of the 

contemporary Ribosome, is built of a semi-symmetrical pocket-like RNA a 

unique feature within the otherwise asymmetric ribosome. Analyses of 

structures of ribosomes from organisms throughout all kingdoms of life as well 

as those from organelles showed that despite the ribosomal size differences, 

in all cases, the fold of this pocket region and the sequence of its rRNA chains 

are highly conserved……‖. 

[Bose T, Fridkin G, Davidovitch C, Krupkin M, Diager N, Falkovitch AH, Peley 
Y, Agmon I, Bashan A, Yonath A. Origin of life: protoribosome forms peptide 
bonds and links RNA and protein dominated worlds. Nucleic Acids Research 
5094:1815-1828, 2022].  

 

―……….We speculated that this is the protoribosome, this is the part 

from which the ribosome evolved. But, the region they were positing as the 

putative protoribosome is assembled from 178 ribonucleotides, which Yonath 

noted would be an awfully large structure to spring into being, fully formed, on 

primordial Earth. Based in part on the symmetry she‘d observed, Agmon 

proposed a model requiring 2 similar, L-shaped RNAs of 60 and 61 

nucleotides. The team thought this was a more reasonable size of molecule to 

arise on early Earth……‖ 

https://www.sciencedirect.com/science/article/pii/S0092867401005463
https://www.sciencedirect.com/science/article/pii/S0092867401005463
https://www.sciencedirect.com/science/article/pii/S0092867401005463
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―……..But not everyone is convinced that Yonath‘s and Agmon‘s short 

fragments arose spontaneously. Joseph Moran, an organic chemist at the 

University of Strasbourg in France, praises Yonath‘s accomplishments but 

doubts that the protoribosome just popped into existence. ―It had to be derived 

from much simpler things…………..‖ 

―……..Robert Root-Bernstein, a biologist at Michigan State University, 

has a theory for what those simpler things might have been: transfer RNAs 

(tRNAs). In the modern ribosome, amino acids enter the PTC attached to 

tRNAs that match the three-letter codes on the mRNA. Those codes 

determine which amino acid comes next in the protein. To Root-Bernstein and 

others, the PTC core looks a lot like four tRNAs joined together. And tRNAs, 

he notes, don‘t just deliver amino acids to the ribosome; they are versatile 

molecules that can do all kinds of task, such as sensing nutrients and 

silencing genes. Perhaps they had some function before the protoribosome, 

then provided the building blocks for that structure…..‖. 

―……..Regardless of how the hypothetical Protoribosome came to be, 

at the time when Agmon and Yonath first conceived it, there was no 

experimental evidence to show that it could have existed and worked as they 

thought it did. The protoribosome hypothesis assumes that one of those early 

RNA pockets could link amino acids together, and that it then evolved into the 

ribosome, which has that same function. Scientists suggest that is a fair idea, 

but it‘s not a given. ―It‘s plausible,‖ says Anton Petrov, an evolutionary 

biologist at the Georgia Institute of Technology in Atlanta, but he also thinks 

that early RNA machines might have had functions distinct from peptide 

synthesis, and that they then took on that role later as the Protoribosome 

emerged…..‖. 

―……Bose, who joined the laboratory of Yonath as a postdoc in 2016, 

would take the project to the finish line. She had trained as a chemist, and 

that gave her a fresh perspective. She knew that if the primitive protoribosome 

worked at all, it would probably be inefficient, yielding a minute amount of 

dipeptide. Rather than separating the reaction products by size, Bose turned 

to mass spectrometry, which had advanced to become the most sensitive 

method by this time. It still wasn‘t easy — she performed many reactions and 
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control experiments, and tried two forms of mass spectrometry — but at last, 

she saw a peak representing the expected dipeptide.  By the time Krupkin 

was trying to measure a dipeptide product, the Yonath group wasn‘t the only 

one on the trail of the minimal peptide-bonding machine. Professor Tamura 

and his research team, in Japan, were also inspired by the semi-symmetrical 

core pocket. He recruited a group including master‘s student Mai Kawabata 

and undergraduate Kentaro Kawashima to make their own protoribosome-like 

structure. Their PTC facsimile, made from two 74-nucleotide RNAs, was 

similar to Yonath‘s, but to stand in for modern tRNAs, they used structures 

called minihelices. These are about half the size of a modern tRNA, and were 

therefore considerably larger than the tRNA replacements Yonath used. 

Modern tRNAs are thought to have evolved from minihelices. Tamura‘s team 

eventually achieved its own success, also detecting the dipeptide with mass 

spectrometry….‖. 

[Kawabata M, Kawashima K, Mutsuro-Aoki H, Ando T, Umehara T, Tamura K. 
Peptide bond formation between aminoacyl-minihelices by a scaffold derived 
from the peptidyl transferase center. Life 12: 573-, 2022. 
https://doi.org/10.3390/life12040573.] 
 

―….. Prof. Tamura cautions that neither laboratories construct works 

exactly like the modern PTC does. ―All of our results are too simple. ―We still 

have a long way to go before we really understand the evolution of the PTC 

and the ribosome.‖ Other scientists note, there were probably other ways for 

polypeptides to emerge on early Earth. What is special about the 

protoribosome work is that it is possible to imagine how this primitive core, 

over millennia, might have accumulated extra pieces of RNA and protein to 

create the modern ribosome…..‖ 

―……..One obvious next step for Yonath‘s research team is to try to 

make a diverse set of peptides that are longer than two amino acids. 

Meanwhile, there‘s plenty of research left to do for origin-of-life studies. 

Scientists need to work out how RNAs gained the ability to self-replicate. And 

they need to discover how an early ribosome would have managed to create 

specific peptides encoded by primitive mRNAs. Those processes, plus the 

ability to synthesize peptides, would provide the raw materials for 

evolution…..‖ [Nature 615:22-25, 2023 ]. 

https://www.mdpi.com/1584858
https://www.mdpi.com/1584858
https://doi.org/10.3390/life12040573
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