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RNA that is read by the ribosome to produce a protein Not to be confused with mitochondrial DNA (mtDNA). The “life cycle” of an mRNA in a eukaryotic cell. The RNA is transcribed in the nucleus; after processing, it is transported to the cytoplasm and translated by the ribosome. Finally, the mRNA is broken down. The mRNA is created during the
transcription process, in which an enzyme (RNA polymerase) converts the gene into a single strand. primary mRNA (also known as pre-mRNA). This pre-mRNA usually still contains introns, regions that will not be coded for the final amino acid sequence. These are removed in the splicing process of the RNA, leaving only exons, regions that will
encode the protein. This sequence of exons constitutes the mature mRNA. The mature mRNA is then read by the ribosome and, using the amino acids transported by the transfer RNA (tRNA), the ribosome creates the protein. This process is known as translation. All these processes are part of the central dogma of molecular biology, which describes
the flow of genetic information in a biological system. As in DNA, the genetic information in mRNA is contained in the sequence of nucleotides, which are organized into codons each consisting of three ribonucleotides. Each codon encodes a specific amino acid, except for stop codons, which terminate protein synthesis. Translating codons into amino
acids requires two other types of RNA: transfer RNA, which recognizes the codon and provides the corresponding amino acid, and ribosomal RNA (rRNA), the central component of the ribosome protein production mechanism. The idea of mRNA was first conceived by Sydney Brenner and Francis Crick on April 15, 1960 at Kingâs College, Cambridge,
while FranÃois Jacob was telling them about a recent experiment conducted by Arthur Pardee himself and Jacques Monod.[1] Encouraged by Crick, Brenner and Francis Crick, This new hypothesis was immediately tested, and contacted Matthew Meselson of the California Institute of Technology.[1] During the summer of 1960, Brenner, Jacob, and
Meselson conducted an experiment in Meselson’s lab at Caltech that established the existence of mRNA[1]. In that autumn, Jacob and Monod coined the name “RNA messenger” and developed the first theoretical framework to explain its function.[1] In February 1961, James Watson revealed that his research group was behind them with a similar
experiment, more or less in the same direction; Brenner and the others accepted Watson’s request to postpone the publication of the results of their research[1]. As a result, Brenner’s and Watson’s papers were published simultaneously in the same issue of Nature in May 1961, while Jacob and Monod published their theoretical framework for mRNA
in the Journal of Molecular Biology the same month.[1] processing and function The short existence of a mRNA molecule begins with transcription and finally ends in degradation. During its life, a mRNA molecule can also be processed, modified and transported before translation. Eukaryotic molecules of mRNA often require extensive processing and
transport, while prokaryotic mRNA molecules do not. An eukaryotic mRNA molecule and proteins surrounding it are called together a RNP messenger. Transcription Main article: Transcription (genetic) Transcription occurs when RNA is copied from DNA. During transcription, polymerase RNA creates a copy of a gene from DNA to mRNA if
necessary. This treatment differs slightly in eukaryotes and prokaryotes. A remarkable difference is that RNA polymerase prokaryotic associates with processing enzymes during transcription so that processing can continue during transcription. As a result, this causes the new mRNA filament to become double filament, producing a complementary
filament known as tRNA filament, which once combined cannot form structures from the coupling of the bases. In addition, the model for mRNA is the complementary filament of the tRNA, which is identical in sequence to the sequence of the antidone to which DNA binds. The short-lived, unworked or partially processed product is called mRNA
precursor, or pre-mRNA; once fully worked, it is called mature mRNA. Pre-mRNA Eukaryotic Processing Main article: Post-trascritional modification The processing of mRNA differs greatly between eukaryotes, bacteria and archaea. Non-Eukaryotic mRNA is, in essence, mature after transcription and requires no treatment, except rare cases[2]. The
eukaryotic pre-mRNA, however, requires several stages of processing before its transport into the cytoplasm and its translation by the ribosome. Splicing Main article: RNA Splicing The extensive processing of eukaryotic pre-mRNA that leads to mature mRNA is RNA splicing, a mechanism through which introns or outroni (non-coding regions) are
removed and exons (coded regions) are joined together. 5' cap addition Main article: 5' cap, a 7-methylguanosine RNA cap, or a m7G RNA cap) is a modified guanina nucleotide that was added to the end «frontal» or 5' of an eukaryotic messenger RNA shortly after the beginning of transcription. The 5' cap consists of a terminal residue of 7methylguanosine bound by a bond of 5'-5'-triphosphate to the first transcribed nucleotide. Its presence is fundamental for recognition by ribosome and protection from RNasi. The addition of cap is coupled with transcription, and happens in a co-transcriptional way, so that each influences the other. Shortly after the beginning of the transcription,5' of
the mRNA being synthesized is bound by a cap-synthesizing complex associated with RNA polymerase. This enzyme complex catalyzes the chemical reactions that are required for encapsulation of mRNA. The synthesis takes place in the form of a multi-stage biochemical reaction. Edit In some cases, an mRNA will be altering the nucleotide
composition of that mRNA. An example in humans is apolipoprotein B mRNA, which is modified in some tissues but not in others. Editing generates an early-stop codon, which, when translated, produces a shorter protein. Polyadsilation Main article: Polyadsilation Polyadsilation is the covalent binding of a polyadenyl fraction to a messenger RNA
molecule. In eukaryotic organisms, most messenger RNA (mRNA) molecules are polyadenylated at the 3' end, but recent studies have shown that short traits of uridine (oligouridylation) are common.[3] The poly (A) tail and the protein bound to it help protect the mRNA. degradation by exonucleases. Polyadenylation is equally important for
transcription termination, export of mRNA from the nucleus, and translation.MRNA can also be polyadenylated in prokaryotic organisms, where poly (A) tails act to facilitate, rather than prevent, exonucleolitic degradation. Polyadenylation occurs during and/or immediately after transcription of DNA into RNA. After the transcription is complete, the
mRNA chain is fused by the action of a complex of the endonuclease associated with the RNA polymerase. After the mRNA has been melted, about 250 adenosine residues are added to the 3' free end at the cleft site. This reaction is catalyzed by polyadenylate polymerase. Just as in alternative splicing, there may be more than one polyadenylation
variant of an mRNA. Mutations at the polyadenylation site also occur. The primary transcript of a gene’s RNA is severed at the site of the addition of the poly-A, and 100Â”200 Aâs are added to the 3Â” end of the RNA. If this site is altered, an abnormally long and unstable mRNA construct will be formed. Transport Another difference between
eukaryotes and prokaryotes is mRNA transport. Since eukaryotic transcription and translation are compartmentally separate, eukaryotic mRNAs must be exported from the nucleus to the cytoplasm, a process that can be regulated by several signaling pathways[4]. Mature mRNAs are recognized by their modifications elaborated and exported through
the nuclear pores by binding to the CBP20 and CBP80,[5] binding proteins and to the transcription/export complex (TREX).[6][7] Several export routes for mRNAs have been identified in eukaryotes[8]. In spatially complex cells, some mRNAs are transported to particular subcellular destinations. In mature neurons, some mRNAs are transported from
the soma to the dendrites. A translational site for mRNA is found in polyribosomes selectively located below synapses.[9] Arc/Arg 3.1 mRNA is induced by synaptic activity and selectively localizes close to active synapses on the basis of signals generated by NMDA receptors.[10] Other mRNA they move into dendrites in response to external stimuli,
such as Î2-actine mRNA.[11] When exported from the nucleus, the amRNA of the actin is associated with the ZBP1 and the 40S subunit. The complex is linked by a motor protein and is transported to the target site (long neuritis extension)cytoskeleton. Eventually, ZBP1 is phosphorylated by Src to begin translation.[12] In neuronal development,
mRNAs are also transported in growing axons and especially in growth cones. Many mRNAs are marked with so-called “zip codes”, which direct their transport to a specific location.[13] Translation Main article: Translation (biology) Since the prokaryotic mRNA does not need to be processed or transported, translation from the ribosome can begin
immediately after completion. of the transcript. Consequently, it can be said that the prokaryotic translation is coupled with the transcription and appears co-transcriptional. Eukaryotic RNA that has been processed and transported to the cytoplasm (i.e., mature mRNA) can then be translated from the ribosome. Translation may occur at ribosomes
that float freely in the cytoplasm, or directed towards the endoplasmic reticulum from the signal recognition particle. Therefore, unlike prokaryotes, eukaryotic translation is not directly coupled with transcription. In some contexts, it is also possible that reduced mRNA levels are accompanied by increased protein levels, as has been observed for
mRNA/EEF1A1 protein levels in breast cancer.[14][non-primary source required] Structure The structure of a mature eukaryotic mRNA. A fully processed mRNA includes a 5', 5' UTR cap, encoding region, 3' UTR and poly (A) tail. Coding Regions Main article: Coding regions Coding regions are composed of codons, which are decoded and translated
into proteins by the ribosome; in eukaryotes usually one and in prokaryotes more. The coding regions start with the initial codon and end with a stop codon. In general, the starting tail is a triple AUG and the stop tail is UAG (Â”amberÂ”), UAA (Â”ocraÂ”) or UGA (Â”opalÂ”). Coding regions tend to be stabilized by internal base pairs, thus preventing
degradation.[15][16] In addition to encoding proteins, portions of encoding regions can serve as regulatory sequences in pre-mRNA as exonic splicing enhancers or exonic splicing silencers. Untranslated regions Main articles: 5' UTR and 3' UTR Untranslated regions (UTR) are sections of the mRNA before the start codon and after the stop codon that
are not translated, called the first five untranslated regions (5' UTR) and the first three untranslated regions (3' UTR). These regions are transcribed with the coding region and are therefore exonic as they are present in the mature mRNA. Several roles in gene expression have been attributed to untranslated regions, including mRNA stability, mRNA
localization, and translational efficiency. The ability of a UTR to perform these functions depends on the sequence of the UTR and may differ between mRNAs. Variants in 3' utr have also been implicated in susceptibility to diseases due to change in RNA structure and protein translation.[17] stability of the mrna can be controlled by 5' utr and/or 3' utr
due to the different affinity for RNA degrading enzymes called ribonuclease and for theproteins that can promote or inhibit the breakdown of RNA. (See also C-rich stability element.) Translational efficiency, including sometimes complete inhibition of translation, can be controlled by UTRs. Proteins that bind at 3' or 5' UTR can affect translation by
affecting the ability of the ribosome to bind to mRNA. MicroRNAs bound to 3' UTR may also impair translational efficiency or mRNA stability. Cytoplasmic localization of mRNA is thought to be a function of 3' UTR. Proteins needed in a particular region of the cell can also be translated there; in this case, the 3' can contain sequences that allow the
transcript to be localized in that region for translation. Some of the elements contained in the untranslated regions form a characteristic secondary structure when transcribed into RNA. These structural elements of mRNA are involved in the regulation of mRNA. Some, such as the SECIS element, are targets for proteins to bind. A class of elements in
mRNA, riboswitches, directly bind small molecules, changing their folding to change transcription or translation levels. In these cases, the mRNA regulates itself. Poly (A) Tail Main article: Polyadenylation The 3' poly (A) tail is a long sequence of adenine nucleotides (often several hundred) added to the 3' end of the pre-mRNA. This tail promotes core
export and translation and protects the mRNA from degradation. MRNA monocistronic vs. polycistronic See also: Cistron A molecule of mRNA is called monocistronic when it contains the genetic information to translate only a single protein chain (polypeptide). This is the case with most eukaryotic mRNAs.[18][19] On the other hand, polycistronic
mRNA carries several open read frames (ORFs), each of which is translated into a polypeptide. These polypeptides usually have a related function (often they are the subunits that make up a final complex protein) and their coding sequence is grouped and regulated together in a regulatory region, containing a promoter and an operator. Most of the
mRNA found in bacteria and archaea is polycistronic,[18] as is the human mitochondrial genome.[20] Dichistronic or bicistronic RNA encodes only two proteins.MRNA Mircularization In eukaryotes, mRNA molecules form circular structures due to an interaction between IF4E and the poly (A) protein, which both bind to IF4G, forming an mRNAprotein-mRNA bridge.[21] Circularization promotes the ribosome cycle on the mRNA leading to time-efficient translation, and can also ensure that only the intact mRNA is translated (partially degraded mRNA are typically devoid of an m7G cap, or poly-A tail).[22] There are other mechanisms for circulation, particularly in the mRNA virus. The
poliovirusâmRNA uses a cross-section of clover towards its 5' end to bind the PCBP2, which binds the poly (A) protein, forming the family mRNA-protein-mRNA circle. The yellow dwarf virus has binding between the mRNA segments on its end 5' ' 3' extremities (called kissing stem rings), which circulates mRNA without any protein involved. Also the
genomes of the RNA virus (the + threads of which are translated as mRNA) are commonly circulated. During genome replication, circulating acts to increase genome replication speeds, RNA-dependent viral RNA polymerases much like ribosome is hypothesized to cycle. Degradation Different mRNAs within the same cell have distinct (stability) lives.
In bacterial cells, individual mRNAs can survive from seconds to more than an hour. However, the average life span is between 1 and 3 minutes, making bacterial mRNA much less stable than eukaryotic mRNA.[23] In mammal cells, mRNA life varies from a few minutes to days.[24] The greater the stability of a mRNA, the more protein can be
produced by that mRNA. The limited duration of mRNA allows a cell to quickly alter protein synthesis in response to its changing needs. There are many mechanisms that lead to the destruction of a mRNA, some of which are described below. Degradation of mRNA prokaryotic In general, in prokaryotes the duration of mRNA is much shorter than in
eukaryotes. Prokaryotes messages degrade using a combination of ribonucleases, including endonucleases, 3' exonucleases and 5' exonucleases. In some cases, small RNA molecules (sRNA) long dozens – hundreds of nucleotides can stimulate the degradation of specific mRNAs by mating the base with complementary sequences and facilitating
ribonuclease split from RNasi III. It has recently been shown that the bacteria also have a sort of 5' plug consisting of a triphosphate at the end 5'.[25] The removal of two of the phosphates leaves a 5' monophosphate, inducing the message to be destroyed by the esonuclease RNasi J, which degrades 5' – 3'. Eukaryotic mRNA turnover Within the
eukaryotic cells, there is a balance between translation and decay treatments of mRNA. The messages that are actively translated are linked by ribosomes, eIF-4E eukaryotic initiation factors and eIF-4G and poly binding protein (A). eIF-4E and eIF-4G block decapant enzyme (DCP2) and poly binding protein (A) block the hexosomal complex,
protecting the end of the message. The balance between translation and decay is reflected in the size and abundance of cytoplasm structures known as P-bodies[26] The poly tail (A) of the mRNA is shortened by specialized esonucleases that are aimed at specific messenger RNAs through a combination of RNA cis-regulatory sequences and transactive RNA proteins. It is thought that the removal of the poly tail (A) can alter the circular structure of the message and destabilize the binding complex of the stopper. The message is therefore subject to degradation fromof the esosome complex or the decapping complex. In this way, inactive translational messages can be destroyed quickly, while
active ones remain intact. The mechanism by which the translation stops and the message is transmitted to the decay complexes is not included in Depletion of AU rich elements The presence of AU rich elements in some mammalian mRNA tends to destabilize those transcriptions through the action of cell proteins that bind these sequences and
stimulate the removal of the poly queue(A). Poly queue loss(A) is designed to promote mRNA degradation by facilitating attack from both the exotic complex[27] and the complex decapping. [28] The rapid degradation of mRNA through AU-rich elements is a critical mechanism to prevent overproduction of powerful cytokines such as tumor necrosis
factor (TNF) and the stimulation factor of granulocyte-macrophages colon (GM-CSF). [29] AU rich elements also regulate biosynthesis of proto-oncogenic transcription factors such as c-Jun and c-Fos.[30] Non-densed-mediated decay Main article: The nonsenso-mediate Eucharistic decay is subject to surveillance by a non-mediated decay (NMD,) which
controls the presence of premature arrest (cogni) in the message. These can arise through incomplete splicing, V(D)J recombination in the adaptive immune system, DNA mutations, transcription errors, ribosome scanning that causes a frame change and other causes. Detection of a premature stop codon triggers degradation of mRNA of 5' decapping,
removal of the tail of 3' poly(A), or endonucleolithic drainage. [31] Small interfering RNA (siRNA) Main article: siRNA In metazoa, the small interfering RNAs (siRNAs) developed by Dicer are incorporated into a complex known as the RNA or RISC-induced silence complex. This complex contains an endonuclease that opens perfectly complementary
messages to which the syRNA binds. The fragments of mRNA that are then destroyed by esoconuclesi. siRNA is commonly used in laboratories to block gene function in cell culture. It is thought to be part of the innate immune system as a defense against double-label RNA viruses. [32] MicroRNA (miRNA) Main article: microRNA MicroRNAs
(miRNAs) are small RNAs that are typically partially complementary to metazoal messenger RNAs sequences.[33][34] Tieing a miRNA to a message can repress the translation of that message and accelerate the removal of the poli tail(A), thus fasting mRNA degradation. The miRNA action mechanism is the subject of active research[35][36] Other
decay mechanisms. There are other ways messages can be degraded, including non-stop decay and silence from Piwi-RNA interaction (piRNA,) among others. Applications See also: RNA vaccine and RNA therapeutics The administration of a nucleoside messenger-modified RNA sequence can cause a cell to make a protein, which in turn could treat a
disease directly or could function as a vaccine; MoreThe protein could drive an endogenous stem cell to differentiate as desired.[37][38 The main challenges of the RNA therapy center to provide RNA to the appropriate cells. [39] Challenges include the fact that naked RNA sequences degrade naturally after preparation; they can trigger the body’s
immune system to attack them as a and are impermeable to the cell membrane.[38] Once inside the cell, they must then leave the cell’s transport mechanism to act within the cytoplasm, which hosts the necessary ribosomes.[37] Overcoming these challenges, mRNA as a therapy was first introduced in 1989 “after the development of a new In the
1990s, mRNA vaccines for personalized cancer, based on modified non-nucleoside mRNA, have been developed. mRNA-based therapies continue to be studied as a method of treatment or therapy for both cancer and autoimmune, metabolic and other diseases. inflammatory respiratory tract. Gene-modification therapies such as CRISPR can also
benefit from the use of mRNA to induce cells to produce the desired Cas protein.[41] As of the 2010s, RNA vaccines and other RNA-based therapies have been considered “a new class of drugs”.[42] The first vaccines based on mRNA NAs received limited authorization and were launched worldwide during the COVID-19 pandemic by PfizerÃ¢Â¦
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