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Ribosomes: The protein factories of the cell.
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Introduction

Ribosomes are essential cellular structures responsible for
synthesizing proteins, which are vital for numerous biological
functions. Found in all living organisms, ribosomes play a
crucial role in translating genetic information into functional
proteins. Their complex architecture and intricate functioning
are fundamental to cellular life, making them a focal point of
study in molecular biology and biochemistry [1].

Ribosomes are assembled in a process that occurs in the
nucleolus of eukaryotic cells and the cytoplasm of prokaryotic
cells. The synthesis of TRNA occurs first, followed by the
binding of ribosomal proteins. Once assembled, ribosomes
can either remain free in the cytoplasm or attach to the
endoplasmic reticulum (ER), forming rough ER.

Ribosomes are primarily known for their role in protein
synthesis, a process that can be divided into three main stages:
initiation, elongation, and termination [2].

The initiation phase begins when the small ribosomal subunit
(30S in prokaryotes and 40S in eukaryotes) binds to the
mRNA molecule. In eukaryotes, the ribosome recognizes the
5' cap of the mRNA, while in prokaryotes, the ribosome binds
to specific sequences in the mRNA known as Shine-Dalgarno
sequences.

In eukaryotes, initiation factors help assemble the ribosomal
subunits and the mRNA.. In prokaryotes, initiation factors also
assist in this process but are somewhat different in structure
and function [3].

The first aminoacyl-tRNA, carrying the amino acid methionine
(AUG start codon), enters the ribosome's P site, forming a
complete initiation complex. during the elongation phase, the
ribosome moves along the mRNA, adding amino acids to the
growing polypeptide chain.

Each new aminoacyl-tRNA, corresponding to the next
codon in the mRNA sequence, enters the ribosome's A site.
Elongation factors assist in this process, ensuring that the
correct tRNA binds [4].

The ribosome catalyzes the formation of peptide bonds
between the amino acids. This reaction is facilitated by the
rRNA in the large subunit, demonstrating the ribosome's dual
role as both a structural and catalytic entity.

Once the peptide bond is formed, the ribosome moves one
codon along the mRNA. The tRNA in the P site is shifted to
the E site, where it exits the ribosome, while the tRNA in the

A site moves to the P site, making way for a new aminoacyl-
tRNA to enter the A site [5].

The termination phase occurs when the ribosome encounters a
stop codon (UAA, UAG, or UGA) on the mRNA.

Proteins known as release factors bind to the ribosome in
response to the stop codon, promoting the hydrolysis of the
bond between the polypeptide and the tRNA in the P site.

The ribosomal subunits, mRNA, and newly synthesized
polypeptide dissociate, allowing the ribosomal components to
be recycled for future rounds of translation [6].

The process of translation is guided by the genetic code, a set
of rules that determine how sequences of nucleotide triplets
(codons) in mRNA are translated into amino acids.

Each codon inmRNA corresponds to aspecific amino acid, with
the genetic code being nearly universal across all organisms.
tRNA molecules have complementary anticodons that pair
with the codons in the mRNA, ensuring that the correct amino
acids are incorporated into the growing polypeptide chain [7].

The wobble hypothesis explains how a single tRNA can
recognize multiple codons that code for the same amino
acid. This flexibility in base pairing allows for a degree of
redundancy in the genetic code, enhancing the efficiency of
protein synthesis.

While the fundamental process of translation is similar in
prokaryotes and eukaryotes, there are notable differences in
ribosomal structure, function, and regulation [8].

Prokaryotic ribosomes (70S) are smaller than eukaryotic
ribosomes (80S) and have different sedimentation coefficients.
The structural differences extend to the rRNA and protein
components, with prokaryotic ribosomes having distinct
sequences and arrangements compared to eukaryotic ribosomes.

In prokaryotes, transcription and translation occur
simultaneously in the cytoplasm, allowing for rapid protein
synthesis. As soon as mRNA is synthesized, ribosomes can
attach and begin translation. In eukaryotes, transcription
occurs in the nucleus, and mRNA must be processed (capped,
polyadenylated, and spliced) before it is exported to the
cytoplasm for translation [9].

Eukaryotictranslationis more tightly regulated than prokaryotic
translation. Various initiation factors and regulatory proteins
modulate the efficiency of translation in response to cellular
conditions. In contrast, prokaryotic translation can be more
straightforward, with fewer regulatory mechanisms.
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Ribosomes are a target for many antibiotics, which exploit the
differences between prokaryotic and eukaryotic ribosomes to
selectively inhibit bacterial protein synthesis without affecting
human cells.

These antibiotics inhibit the binding of aminoacyl-tRNA to
the A site of the ribosome, preventing the incorporation of
new amino acids into the polypeptide chain.

These antibiotics bind to the 50S subunit, inhibiting peptide bond
formation and blocking elongation of the protein chain [10].

Conclusion

In muscle cells, ribosomes are abundant and actively engaged
in protein synthesis, supporting the high metabolic demands
associated with contraction and growth.

In cells specialized for secretion, such as pancreatic cells,
ribosomes are primarily associated with the rough ER. These
cells synthesize large quantities of proteins (like enzymes and
hormones) that are secreted into the bloodstream.

In neurons, ribosomes are crucial for synthesizing proteins
involved in neurotransmission, including receptors and
signaling molecules. Localized translation in dendrites allows
for rapid responses to synaptic activity.

Ribosomes in stem cells exhibit unique properties, allowing
for the rapid production of proteins required for differentiation
and self-renewal. Regulation of translation is tightly controlled
in these cells to maintain pluripotency.
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