RIBOSOME

Authored by
mohammad looti

October 24, 2025

RECOMMENDED CITATION

mohammad looti (2025). RIBOSOME. PSYCHOLOGICAL SCALES. Retrieved from
https://scales.arabpsychology.com/?p=55474

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=55474
https://scales.arabpsychology.com/?p=55474
https://scales.arabpsychology.com
https://scales.arabpsychology.com

RIBOSOME

RIBOSOME

Primary Disciplinary Field(s): Molecular Biology, Cell Biology, Genetics

1. Core Definition

The ribosome is a complex, large biomolecular machine found within all living cells that serves as
the primary site for biological protein synthesis, a process known as translation. These ubiquitous
organelles--composed of ribosomal RNA (rRNA) and numerous ribosomal proteins (RPs)--are
responsible for translating messenger RNA (mRNA) into chains of polypeptides, which
subsequently fold into functional proteins. Functionally, the ribosome acts as a molecular
framework, reading the genetic code carried by the mRNA in triplets (codons) and catalyzing the
formation of peptide bonds between incoming amino acids delivered by transfer RNA (tRNA).

While often described simplistically as a "particle," the ribosome is more accurately understood as
a highly structured ribonucleoprotein complex. Its precise composition and size vary significantly
between the two major domains of life: prokaryotes (bacteria and archaea) and eukaryotes
(animals, plants, fungi, and protists). Crucially, the fundamental catalytic mechanism--the peptidyl
transferase activity necessary for peptide bond formation--is believed to reside within the rRNA
component itself, classifying the ribosome as a ribozyme rather than a purely protein-based
enzyme. This designation underscores the evolutionary significance of RNA in early life forms.

In essence, the ribosome is the factory of the cell, converting the informational blueprint stored in
nucleic acids (DNA/RNA) into the functional machinery (proteins) necessary for cellular structure,
metabolism, and signaling. Its central role in gene expression makes it a critical target for many
antibiotics designed to selectively inhibit bacterial growth without harming the eukaryotic host, a
strategy leveraging the structural differences between prokaryotic and eukaryotic ribosomes.

2. Etymology and Historical Development

The discovery and naming of the ribosome trace back to the mid-20th century, coinciding with
significant advancements in electron microscopy and biochemical techniques. The term ribosome
was officially coined in 1958 by scientist Richard B. Roberts, building upon earlier observational
work. This naming convention highlights its composition: "ribo" referring to ribonucleic acid and
"soma" (from the Greek word meaning body or structure), reflecting its particulate nature and
primary molecular constituent.

The foundational observational work was conducted in the 1950s by Romanian-American cell
biologist George E. Palade, who used transmission electron microscopy to visualize dense, small

particles within the cytoplasm of cells. Palade initially referred to these particles simply as "small
particulate elements” or sometimes "Palade granules." His meticulous work established that these
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particles were often associated with the endoplasmic reticulum (forming rough ER) and were
responsible for intense protein synthesis, leading to him being awarded the Nobel Prize in
Physiology or Medicine in 1974 for his discoveries concerning the structural and functional
organization of the cell.

Following Palade's observations, subsequent decades saw intense biochemical investigation,
culminating in the detailed structural determination of both the prokaryotic and eukaryotic
ribosomes. Landmark achievements include the high-resolution crystal structures achieved by
researchers like Ada Yonath, Venkatraman Ramakrishnan, and Thomas A. Steitz, who shared the

2009 Nobel Prize in Chemistry for elucidating the structure and function of the ribosome. Their
work confirmed the ribozyme nature of the peptidyl transferase center and provided atomic-level
insights into how genetic decoding and peptide bond formation occur, revealing the incredible
precision of this ancient molecular machine.

3. Key Characteristics

Ribosomes are characterized primarily by their composition, structural asymmetry, and
sedimentation behavior, which is measured using the Svedberg unit (S). They are generally
classified into two main types based on the organisms they inhabit: the smaller 70S ribosomes
found in prokaryotes (bacteria and archaea) and the larger 80S ribosomes found in eukaryotes.
The sedimentation coefficient is non-additive because it relates to mass, density, and shape.

Subunit Structure and Svedberg Units: Every functional ribosome consists of two unequal
subunits--a large subunit and a small subunit. In prokaryotes, the entire complex is 70S, composed
of a 50S large subunit and a 30S small subunit. In eukaryotes, the 80S complex consists of a 60S
large subunit and a 40S small subunit. These subunits are synthesized separately, often in the
nucleolus (eukaryotes) or cytoplasm (prokaryotes), and associate only when translation is initiated
on an mRNA strand.

Composition (RNA vs. Protein): The bulk of the ribosome's mass (approximately two-thirds) is
comprised of rRNA, which forms the structural core and performs the catalytic functions. The
ribosomal proteins primarily reside on the surface, stabilizing the rRNA structure, mediating
interactions with other factors, and potentially fine-tuning translational fidelity. For example, the
prokaryotic 70S ribosome contains three rRNA molecules (23S, 16S, 5S) and approximately 55
proteins, whereas the eukaryotic 80S ribosome contains four rRNA molecules (28S, 18S, 5.8S, 5S)
and roughly 80 proteins.

Binding Sites: During active translation, the ribosome encompasses three crucial tRNA binding
pockets located at the interface of the large and small subunits: the A (aminoacyl) site, the P
(peptidyl) site, and the E (exit) site. The incoming aminoacyl-tRNA binds to the A site, carrying the
next amino acid; the growing polypeptide chain is transferred onto the tRNA residing in the P site;
and the spent, deacylated tRNA exits through the E site. This spatial arrangement facilitates the
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continuous, cyclical process of elongation.

Location Specificity in Eukaryotes: Eukaryotic 80S ribosomes exhibit locational specialization.
Ribosomes free in the cytoplasm primarily synthesize proteins destined for the cytosol, nucleus,
mitochondria, or peroxisomes. Conversely, ribosomes bound to the endoplasmic reticulum
(forming the rough ER) synthesize proteins destined for secretion, membrane insertion, or delivery
to the Golgi apparatus and lysosomes. Furthermore, mitochondria and chloroplasts possess their
own dedicated ribosomal types (mitoribosomes and plastoribosomes, respectively), which
structurally resemble the prokaryotic 70S ribosome, strong evidence supporting the theory of
endosymbiosis.

4. The Mechanism of Translation (Protein Synthesis)

Protein synthesis carried out by the ribosome is one of the most complex and rapid processes in
the cell, ensuring accuracy at rates often exceeding ten amino acids per second. This process is
divided into three distinct and highly regulated phases: initiation, elongation, and termination,
relying on the precise interaction between the mRNA template, various tRNAs carrying specific
amino acids, and numerous soluble protein factors (initiation, elongation, and release factors).

Initiation: Translation begins when the small ribosomal subunit, assisted by initiation factors, binds
to the mRNA, recognizing the specific translational start signal. In prokaryotes, this involves the
binding of the 30S subunit to the Shine-Dalgarno sequence upstream of the start codon. In
eukaryotes, the 40S subunit typically scans from the 5' cap until it identifies the start codon, usually
AUG, often surrounded by the Kozak sequence. The initiator tRNA, carrying the first amino acid
(N-formylmethionine in prokaryotes or Methionine in eukaryotes), correctly positions itself at the P
site. Subsequently, the large subunit joins the complex, forming the fully assembled, functional
ribosome, marking the completion of the initiation complex.

Elongation: This phase is characterized by the cyclical, sequential addition of amino acids,
dictated by the mRNA sequence. An incoming aminoacyl-tRNA, chaperoned by elongation factors,
enters the vacant A site, where its anticodon matches the next codon on the mRNA. The critical
peptidyl transfer reaction then occurs, catalyzed by the rRNA component of the large subunit,
which transfers the nascent polypeptide chain from the tRNA in the P site to the amino acid on the
tRNA in the A site, forming a new peptide bond. Following this transfer, the ribosome undergoes
translocation, a movement facilitated by elongation factors, which shifts the tRNAs and mRNA
three nucleotides over, moving the A-site tRNA to the P site, the P-site tRNA to the E site, and
opening the A site for the next incoming charged tRNA. This cycle repeats until a stop signal is
encountered.

Termination: Elongation continues until the ribosome encounters one of three stop codons (UAA,
UAG, or UGA) on the mRNA. These codons do not correspond to any standard tRNA. Instead,
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they are recognized by protein release factors (RFs) which bind to the A site. The binding of the
RF catalyzes the hydrolysis of the ester bond linking the completed polypeptide chain to the tRNA
in the P site. The fully synthesized polypeptide is released into the cytoplasm or ER lumen. Finally,
the remaining components (ribosomal subunits, spent tRNA, and mRNA) are recycled through a
dissociation process, ready to initiate another round of synthesis.

5. Significance and Medical Impact

The ribosome's significance is paramount to all known forms of cellular life. As the universal
molecular machinery responsible for synthesizing all functional proteins--from structural
components to regulatory enzymes--its continuous and accurate operation is essential for growth,
reproduction, and maintenance of cellular homeostasis. The highly conserved nature of the core
ribosomal structure across billions of years of evolution underscores its irreplaceable role in
biological systems.

The fundamental structural differences between prokaryotic (70S) and eukaryotic (80S) ribosomes
have proven to be medically exploitable, forming the basis for many successful antimicrobial
therapies. Many classes of antibiotics function by selectively targeting the smaller, structurally
distinct 70S prokaryotic ribosome, thus disrupting bacterial protein synthesis while minimally
affecting the host's protein production machinery. For instance, drugs like Chloramphenicol inhibit

the peptidyl transferase activity of the bacterial large subunit, while others, such as the
Aminoglycosides, interfere with the decoding function of the small subunit, leading to translational
errors and halting bacterial proliferation. This selective toxicity is a cornerstone of modern
infectious disease treatment.

Furthermore, studying the ribosome provides deep insights into human pathology. Defects or
mutations affecting ribosomal components or the complex process of ribosome biogenesis can
lead to specific inherited human diseases known as ribosomopathies. These conditions
demonstrate that even slight imperfections in this central apparatus can severely disrupt cellular
function, particularly in high-turnover tissues like bone marrow and developing neural systems.

6. Ribosomopathies and Disease

Ribosomopathies represent a growing class of heterogeneous genetic disorders caused by
inherited mutations in genes encoding ribosomal proteins or factors involved in the complex
assembly and maturation of ribosomes. These conditions generally manifest as developmental
syndromes, bone marrow failure, and increased predisposition to cancer, underscoring the vital
role of tight ribosomal regulation, especially during embryonic development and rapid cell growth.

A classic example is Diamond-Blackfan anemia (DBA), a congenital erythroid aplasia often
linked to heterozygous mutations in genes encoding small subunit ribosomal proteins, most
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commonly RPS19. The resulting defect in ribosome assembly leads to compromised function,
selectively impacting the development of red blood cell precursors. Another notable condition is
Shwachman-Diamond syndrome (SDS), which involves mutations in the SBDS gene, a protein
critical for the maturation of the 60S large subunit. These pathologies suggest that ribosomal
defects often do not cause a complete global shutdown of protein synthesis, but rather lead to
imbalances in the production of specific regulatory proteins, such as p53, triggering cellular stress
responses and apoptosis.

The connection between ribosome malfunction and cellular disease extends into oncology. Cancer
cells, characterized by rapid proliferation, exhibit an increased demand for protein synthesis and
often have an elevated rate of ribosome biogenesis, a phenomenon regulated by oncogenes like
MYC. This reliance on high ribosomal output makes the pathways of ribosome assembly and
function attractive targets for novel anti-cancer therapies, aimed at exploiting the cell's dependency
on accelerated protein production.

7. Current Research and Novel Concepts

Despite the high-resolution structural information available, fundamental questions regarding
ribosomal control and regulation continue to drive molecular biology research. One of the most
actively debated areas is the concept of ribosome heterogeneity or specialization.

Traditionally, ribosomes were viewed as entirely uniform, identical machines performing
generalized protein synthesis (the "housekeeping" view). However, current research suggests that
specialized ribosomes--incorporating variant ribosomal proteins (paralogs) or undergoing post-
translational modifications--may exist. These specialized complexes might preferentially translate
specific subsets of mMRNA, acting as a nuanced layer of translational control. For example,
evidence suggests that specific ribosomal protein variants might be enriched in certain tissues or
developmental stages, influencing the translation of crucial regulatory transcripts that drive cell fate
decisions.

Furthermore, advanced techniques like ribosome profiling are providing unprecedented dynamic
views of translation. This methodology allows researchers to map the precise location of active
ribosomes on a transcriptome, revealing variations in translational speed and efficiency across
different mRNA regions. Other ongoing research focuses on the mechanisms of ribosomal quality
control, the cellular pathways that detect and repair or degrade stalled, damaged, or erroneous
translation complexes (e.g., Non-stop decay and No-go decay), ensuring the integrity of the protein
synthesis process and cellular fitness.

Further Reading
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