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The origin of the smallest unit of life - the cell: the
most important knowledge for the evolution of mankind

Shota Jinjolia
Candidate of Biological Sciences, Associate Professor, Akaki Tsereteli State University, Kutaisi,
Georgia

Carbohydrates are the most important bioinformational molecules in the cell. The reason for the
Sfunctional diversity of plant and animal cells is their glycosylation. Glycans are not synthesized based
on nucleic acid templates. They are synthesized through enzymatic systems. As a result of protein glyco-
sylation, part of the obtained glycoconjugates remains linked to the cell membrane. Any other structure
that approaches the cell first comes into contact with these glycoconjugates. Glycans ensure essential
communication between cells of a single organism. Glycans constitute the main component of prote-
oglycans and the glycocalyx. The entire surface of any cell is covered with glycoconjugates. Therefore,
they cause a functional diversity of the cell. Fully assessing the role of glycans in the functional diversi-
ty of living organisms is an extremely difficult task and requires long-term and serious research.

Keywords: RNA world; Protocell; LUCA (Last Universal Common Ancestor); Genobiosis; Polobiosis.
Introduction

The origin of the smallest unit of life on Earth — the cell — is one of the most significant, complex,
comprehensive, interesting, relevant and, at the same time, controversial issues in biology.

Charles Darwin believed that “thinking about life is as absurd as thinking about the origin of
matter”. However, after Darwin’s viewpoint, significant progress was made in research on the origin of
life and its smallest unit — the cell.

After the collision with Theia (Theia - a hypothetical ancient planet in the solar system that,
according to the “giant impact” hypothesis, collided with early Earth approximately 4.5 billion years
ago), Earth's entire surface was covered with magma at a temperature of 2000°C, leading to the evapo-
ration of silicates and water. Such a proto-atmosphere contained methane, and carbon dioxide, creating
a strong greenhouse effect, as a result of which CO: began to precipitate in the form of carbonates,
weakening the greenhouse effect — “chemical weathering” occurred, resulting in moisture condensation
and ocean formation. The atmosphere consisted mostly of CO2 and water vapor. The greenhouse effect
decreased, making possible the formation of Earth's solid sphere. Temperature rapidly dropped and
reached 40°C, suitable for life.

The earliest evidence of life on Earth exists in the form of fossils: fossil structures called “stroma-
tolites” were discovered in Western Australia, dating back 3.5 billion years, often formed by the growth
of layered single-celled microbes - cyanobacteria. Stromatolites are also formed by modern microbes,
not only prehistoric ones. It appears that life began much earlier than 3.5 billion years ago, though due
to the scarcity of fossil evidence, it is difficult (if not impossible) to determine the exact time of life's
origin.

Sharp theories and hypotheses exist regarding the origin of life and its smallest units — the cells.
They can be divided into two groups:

1. Life originated from non-living matter (abiogenesis concept)
2.  Life can only originate only from living organism (biogenesis concept)
Various theories have been proposed at different times regarding the origin of life on Earth:
Creationist theory: Life was created in a specific period as a result of a one-time creative act by a
supernatural force (God).



Theory of spontaneous generation of life: According to this theory, life arose multiple times
spontaneously from non-living matter.

Steady-state theory: According to this theory, Earth never originated but existed permanently.
According to the theory, species also never originated - they always existed on Earth, with conditions
necessary for life always present.

Chemical Evolution Theories

In the 1920s, Alexander Oparin and John Haldane independently proposed a viewpoint that we
now call the Oparin-Haldane theory.

According to A. Oparin and J. Haldane, early Earth had a reducing atmosphere, meaning an
atmosphere with low oxygen content where molecules tend to transfer electrons. Considering the
conditions, they assumed that:

- Simple inorganic molecules could react with each other and form building blocks such as amino
acids and nucleotides, which could accumulate in the ocean and form a “primordial soup”. The term
“primordial soap” or “promordial broth” was introduced by A. Oparin in 1929.

- In the second stage of “chemical evolution”, polymerization of building blocks (monomers)
resulted in the formation of polypeptide and polynucleotide substances, occurring on the bottom of
small ponds or in coastal zones of shallow, organically rich seas.

- In the initial stage of prebiological evolution, polymers united into structures capable of self-
maintenance and self-reproduction. According to Haldane, macromolecules were enclosed in
membranes to form cell-like structures.

Despite the theory’s details not being entirely correct, the basic idea - stepwise, spontaneous
formation of life; creation of simple, then more complex, then self-maintaining structures - underlies
current theories about life’s origin.

Stanley Miller and Harold Urey showed that organic molecules under reducing conditions can
spontaneously form compounds similar to those that should have existed on early Earth. Miller and
Urey built a closed system containing a water reservoir and a mixture of gases that should have been
abundant in early Earth’s atmosphere (H.O, NHs, CHa, and H:). To simulate lightning that could
provide energy for chemical reactions in early Earth’s atmosphere, Miller and Urey sent sparks through
the experimental system. The experiment resulted in various amino acids, sugars, lipids, and other
organic molecules, though nucleic acids and large complex protein-like compounds were not formed.

The studies using special approaches (unlike Miller’s and Urey’s) determined that RNA
nucleotides can be formed from inorganic components under conditions presumably similar to
early Earth conditions.

Biochemist Sidney Fox and his colleagues discovered that amino acids, when heated under
anhydrous conditions, bind to each other and form proteins. Fox assumed that on early Earth, ocean
water containing amino acids could be drawn to hot surfaces, such as lava flows, causing water
evaporation and leaving proteins behind.

Additional experiments showed that RNA nucleotides can bind to each other on clay surfaces.
Clay acts as a catalyst and promotes RNA polymer formation. One type of clay, montmorillonite, has
catalytic and organizing properties. It can catalyze RNA polymer formation and also assemble cell-like
vesicles.

English scientist J. Bernal, based on A. Oparin’s and J. Haldane’s theory, formulated the bio-
poiesis theory, according to which life formation on Earth occurred in three stages:

1. Chemical evolution: Abiotic synthesis of organic substances from inorganic ones, emergence of
biological monomers.

2. Prebiological evolution: Formation of biological polymers from organic monomers. From
“primordial soap” emerged polymers that could represent analogs of modern nucleic acids and pro-
teins.



3. Biological evolution: At this stage, gradual transition occurred from biological polymers to
membranes and primary single-celled organisms - probionts.
Chemical evolution, or prebiotic evolution is the first stage of life evolution, during which or-
ganic prebiotic substances are formed from inorganic molecules, implying their inability to coexist in a
protobiological system.

Genobiosis and Holobiosi

In the twentieth century, discussions arose among scientists about what came first - proteins
(enzymes) or nucleic acids - leading to the concepts of genobiosis and holobiosis.

Genobiosis is a methodological approach to life origin issues based on the primacy of genetic
code properties. Holobiosis, conversely, is based on metabolism primacy.

If we imagine that polymers could have formed on early Earth, the question remains open as to
how polymers became self-reproducing and self-perpetuating, which are basic criteria of life. Possibly,
the first forms of life were self-reproducing nucleic acids like RNA, and later DNA. Other elements
(metabolic networks) were added later to this basic system. Many scientists think that presumably the
first genetic material was RNA, not DNA. This is known as the RNA World hypothesis.

RNA World Hypothesis

According to the RNA World hypothesis, the first RNA molecules were synthesized by non-
living forces - with the help of minerals, sunlight, and spontaneous chemical reactions. Then a certain
molecule emerged that could copy other RNA molecules; later, RNA catalyzed itself. “Ribozymes”
(RNA molecules) were discovered that have the ability to catalyze specific biochemical reactions. The
discovery of ribozymes showed that RNA can be both genetic material and biological catalysts.

Scientists believe that RNA is not at all the first information-carrying molecule that would serve
as genetic material. Some scientists think that initially there might have existed a simpler RNA-like
molecule with catalytic and information-carrying properties that could serve as a template for RNA
synthesis. This is sometimes called the polyaromatic hydrocarbon world (also “pre-RNA world”,
“proto-RNA world”) hypothesis.

Panspermia Hypothesis (Cosmic Origin)

According to the alternative panspermia (cosmic) hypothesis, life could have originated once or
multiple times at different periods in different parts of our galaxy or cosmos, in different times and
spaces. Then life dispersed throughout the cosmos, from where it penetrated sterile Earth. Panspermia is
a borderline hypothesis. Critics argue that it doesn't answer the question about life's origin but simply
places it on another celestial body; its experimental testing is impossible.

Recent studies, particularly parallel to exoplanet discovery, give new life to the panspermia hy-
pothesis. A 2024 study analyzed the chemical diversity of organic molecules found in meteorites and
concluded that some of them might represent initial components of complex biochemical pathways. Al-
so, simulations conducted in 2023 showed that microbial spores can survive cosmic travel for thousands
of years, further strengthening panspermia possibilities.

According to the latest information, scientists from Houston and Chicago universities (USA)
concluded that the first living cells on Earth formed thanks to rain approximately 3.8 billion years ago.
The group studied the so-called “coacervate droplets” - collections of complex, naturally formed mo-
lecules. Coacervate droplets can rapidly exchange molecules with each other, making their composition
identical. Researchers assume that on early Earth, fresh water during rain created a temporary protective
shell that prevented their RNA exchange. Research results were published in the scientific journal
Science Advances in August 2024.



A cell’s basic property is the ability to maintain an internal environment different from its su-
rrounding environment. Modern cells are separated from the environment by a phospholipid bilayer. It’s
less likely that phospholipids existed under conditions where the first cell formed, but other types of
lipids (more likely to exist) can spontaneously form bilayer boundaries. Essentially, such a structure can
enclose self-reproducing ribozymes and metabolic pathway components, creating a primary cell.

Protocell Origin Theories
Two main theories exist for the origin of the first protocell (primitive hypothetical cell, precursor
to prokaryotic cells), which in modern understanding can be called an organism (system):

1. Origin from geothermal activity zones: Proponents of the first theory argue that the first protocell
might have emerged in places with geothermal activity. Under temporarily high temperature
influence, water almost completely evaporated for a certain period, and polymers concentrated in
fatty acid assemblies, forming a cell prototype. After the dry period, the water environment returned,
and the organism could function fully. Similar geochemical zones still exist in Kamchatka and
Yellowstone Park.

2. Origin from ocean hydrothermal vents: The second theory suggests that the first organism might
have formed in ocean hydrothermal vent zones. William Martin from Heinrich Heine University
(Germany) and Michael Russell from Scotland’s Environmental Research Center (Glasgow, Great
Britain) argue that Earth’s first living organisms might have appeared inside ocean floor rocks. Tiny
cavities inside minerals can be imagined as cells.

Progenotes and LUCA (Last Universal Common Ancestor)

In 1977, Carl Woese and G. Fox defined progenote as a hypothetical pre-prokaryotic stage of cell
evolution.

The term “progenotes” encompasses absolutely all pre-prokaryotic cellular organization. In
modern scientific literature, progenotes are placed evolutionarily higher than RNA world represen-
tatives, expressing all intermediate steps leading to the Last Universal Common Ancestor (LUCA).

Earth’s universal last common ancestor of life, LUCA, is a hypothetical prokaryotic organism
from which all three modern domains of beings - prokaryotes, archaea, and eukaryotes - could have
developed.

Further Development of Life

“LUCA” is a kind of beginning for active development and differentiation of systems. This
hypothetical model gives us the opportunity to understand how evolution moved and find connections
between seemingly completely different beings.

Based on paleontological materials, scientists believe that approximately 1-1.8 billion years ago,
much more complex eukaryotic cells formed from relatively simple prokaryotic cells.

Among the proposed hypotheses for eukaryote origin, the endosymbiotic hypothesis of symbi-
ogenesis is currently the most popular. According to the hypothesis, organelles like mitochondria and
chloroplasts were once free-living prokaryotic cells that later began living inside larger host cells. After
some time, prokaryotes and their host cells evolved together to the extent that one could no longer exist
without the other.

In-depth knowledge about cell origin opens revolutionary possibilities for humanity in many
fields. The need for this knowledge is driven by both fundamental scientific interest and the necessity of
solving practical, applied tasks (healthcare, environmental protection, creation of new technologies,
etc.).

Understanding fundamental principles of cell formation gives us unique opportunities to delve
into the root causes of disease origins and create innovative treatment methods.



For example, understanding disease pathogenesis and targeted therapy: complex diseases such as
cancer (uncontrolled cell growth and division caused by genetic mutations and disruption of cell cycle
regulation), neurodegenerative disorders (Alzheimer’s, Parkinson’s, Huntington’s - dysfunction and de-
ath of nerve cells, often caused by protein aggregation and disruption of intracellular transport), autoim-
mune diseases (for example, lupus, rheumatoid arthritis - attack on one’s own cells by the immune sys-
tem, often caused by molecular mimicry) and infectious diseases (such as viral and bacterial infections -
hijacking and damage of cellular mechanisms by pathogens), are often associated with cellular dysfun-
ctions. Understanding the early stages of cell life, its self-organization, and regulatory mechanisms
helps us identify the origins of these dysfunctions at the molecular level. This knowledge allows us to
create targeted therapies that act on diseased cells without damaging them (for example, anti-cancer
drugs that only attack tumor cells due to their unique molecular markers) or gene therapy that corrects
DNA defects in cells or replaces them with functional genes, thus treating genetic diseases.

Knowledge of the basic principles of cell formation is crucial for regenerative medicine. The goal
of this field is to restore or replace damaged tissues and organs and use stem cells, which can differen-
tiate into any type of cell. Knowledge of cell origin may teach us how to “build” and functionally res-
tore damaged cells and tissues. This represents one of the most promising directions of future medicine,
which aims to use the self-regenerative capabilities of cells.

Using the principles of cell origin (self-assembly, concentration, regulation), scientists are trying
to create artificial cells (synthetic cells) that can perform specific functions in the organism.

Understanding the mechanisms of cell origin allows us to use nature’s unique capabilities for
technological progress and create new products and processes.

¢ In the direction of creating new materials
o Biopolymers, which can be used in the production of biodegradable packaging, ecologi-
cally clean construction materials, or even self-healing tissues
o  Smart materials, which can change their properties according to environmental conditions
(for example, when temperature, pH, or light changes).
o  Optimization of cellular metabolism, which is related to cell origin, is crucial for increasing
the efficiency of biofuel production.

e Food safety and agriculture: An understanding of cellular process (for example, photosynthesis,
nutrient absorption) promotes the creation of genetically modified cultures (GMO) that are
more resistant to diseases, pests, and adverse environmental conditions. This is essential for
feeding the growing global population and ensuring food security in the context of climate
change.

Conclusion

The origin of the smallest unit of life - the cell - on our planet remains a complex and not fully
explained issue. The scientific views, theories, and experimental data discussed in this article reflect
existing knowledge and achievements in this field, although none of them represents a final and
decisive version.

Experiments conducted by Miller, Urey, and other researchers confirmed that simple organic
molecules can combine and form the building blocks necessary for life, which, in turn, form the basis
for the formation of polymers (proteins, RNA).

The RNA World hypothesis remains one of the leading theories, which assumes that RNA was
the first genetic molecule of life on Earth. However, the pre-RNA world and primordial metabolism
hypotheses offer alternative but equally significant perspectives.



It is possible that organic compounds came to Earth by meteorites or other celestial bodies, which
strengthens the panspermia hypothesis.

LUCA represents a key link between the world of progenotes and contemporary biological
diversity. Despite the fact that its exact characteristics are still the subject of research, the LUCA
concept is essential for understanding the overall picture of evolution.

The development of photosynthesis, habitat expansion, and membrane metamorphosis occurred
over billions of years, which ultimately caused the cellular and organismal diversity we observe today.

Knowledge about cell origin is not just an academic interest; it represents a powerful driving
force for humanity’s development. Solving this mystery will not only deepen our understanding of life
but will also open the way to revolutionary achievements in medicine, biotechnology, space research,
and philosophical thinking.
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