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Describe the processes involved in gene expression.

Proteins are made up of chains of a possible 20 different amino acids that are linked by peptide bonds (Wu, 2016). Amino acids hold a crucial factor in this process as they participate in regulating key metabolic pathways to improve health, growth and development (Wu, 2013). To ensure an individual reaches their recommended amount of protein a day, they would need to ensure they eat 0.75/kg/day (British Nutrition Foundation, 2023). Proteins are derived through the process of gene expression where the gene, located at specific regions of the DNA on specific chromosomes are transcribed, spliced and translated. Gene expression is a complex process by which information from a gene is used to create a functional product, often protein or mRNAs (Buccitelli and Selbach, 2020). 

Transcription 
It begins with the promoter region, which is situated upstream of the gene's transcription start site (TSS). This is a section of genomic DNA that contains regulatory information for transcription initiation (Bansal et al., 2014). Bansal also stated that to start transcription, the promoter region interacts with various transcription factors and RNA polymerase. The RNA polymerase moves along the DNA strand, to open a new region of the template stand for complementary base-pairing (Alberts et al., 2002). Albert also expressed after attaching itself to the DNA strand at the 5' prime end at a promoter site, the enzyme RNA polymerase unzips, copies, and rezips the DNA strand from the 5' to 3' prime end. According to Querido et al., (2023) the small ribosomal subunit binds to the mRNA's 5' prime end untranslated region (UTR). The ribosomes then move along the mRNA in the 5’ to 3’ prime end direction, ensuring each codon is read (Xie et al., 2019). According to Rodriguez-Molina et al. (2023) one characteristic of termination is the slowing or stalling of transcription. Pre-mRNAs are cleaved and polyadenylated at the 3′ prime ends of genes to produce a mature transcript (Rodriguez-Molina et al., 2023). With transcription termination; this pre-mRNA breakage marks the end of the 3′ untranslated region (UTR). In eukaryotes, this usually entails a signal sequence that releases the newly created pre-mRNA by causing the polymerase to detach (Rodriguez-Molina et al., 2023).

Splicing
[bookmark: _Int_fFDnwG4E][bookmark: _Int_IpHjmvQI]Before mRNA can be translated into proteins, it must undertake several modifications in eukaryotic cells (Topisirovic et al., 2010). Co-transcriptional capping takes place on the developing pre-mRNA as it leaves the RNA exit channel of RNA polymerase ||. mRNAs have a cap structure to protect them from degradation and facilities splicing (Topisirovic et al., 2010). This is required for translation initiation (Topisirovic et al., 2010). In eukaryotic cells, the precursor messenger RNAs, also known as pre-mRNAs, are greatly altered through a process called pre-mRNA splicing (Lim et al., 2020). Lim also expressed throughout splicing, introns are removed through spliceosomes and exons are connected to create the mRNA template that hold the code to synthesize proteins. A poly- A tails consist of adenine nucleotides are added on the 3′ prime end of and almost all are fully processed eukaryotic mRNA (Lutz and Moreira, 2010). Lutz and Moreira also stated that this modification increases stability of the mRNA. According to Mischo and Proudfoot (2013) the polyadenylated transcript is eventually prepared to leave the nucleus as the 3′ prime end processing is the last stage of mRNA maturation. 

Translation 
After RNA processing, the mature mRNA is exported from the nucleus to the cytoplasm, where translation occurs. Translation is a process where the mRNA sequence is used to synthesize a protein. According to Querido et al., (2023) the initiation stage of translation is where the ribosome meets at the mRNA's start codon to begin protein synthesis. This is where the first tRNA molecule, carrying methionine, binds. After finding the appropriate codon: anticodon match, the relevant amino acid is incorporated into the developing polypeptide through the formation of a peptide bond and the transfer of the developing chain to the A site tRNA (Xie et al., 2019). Termination of the translation stage happens when a stop codon enters the A site of a ribosome (Hellen, 2018). The release factors attach to the ribosome, which initiates the newly synthesised protein to be released, and the ribosome separates from the mRNA (Zaher and Green, 2009).

What happens to the final protein
Proteins frequently go through several changes after translation that affect their stability, activity, and location. Protein can be activated or deactivated through a specific kinase to find a response to various external stimuli. This could make protein more activated and therefore speed up the ribosomal translocation rate (Avison, 2008). Protein glycosylation is primarily the most abundant post-translational modifications in mammalian cells (Kong and Fujita, 2024). Proteins may also go through a process called proteolic cleavage. This is where peptide bonds in substrate proteins are hydrolysed by proteases, which causes a great, irreversible posttranslational altercation of the protein's biological function and structure (Klein et al., 2017). This is frequently thought of as only a degradative process for breaking down proteins or turnover to preserve physiological balance (Klein et al., 2017).  

[bookmark: _Int_gi5N8lMm][bookmark: _Int_fwuvPWIO]In conclusion, gene expression is a crucial biological process that controls the transformation of genetic information into useful proteins, which in turn control the growth of organisms and cellular function. It is an extremely dynamic and controlled process that is impacted by a number of elements, including signalling pathways, environmental cues, and epigenetic changes. Transcription, splicing, translation, and the final protein are all steps in the gene expression process. Gaining an understanding of these processes and how they are regulated is crucial to understanding how genes control cellular functions, responses to environmental stimuli, and development.
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