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Describe the processes of gene expression.

Nuclei in somatic cells have 46 chromosomes containing chromatin, arrangements of DNA molecules coiled around histone proteins in a heterochromatin state. The DNA is divided into genes, made up of nucleotides, Adenosine, Cytosine, Guanine and Thymine, which in groups of three, form codons. Each somatic cell has the same genetic information however, can produce specialized proteins (Orphanides and Reinberg, 2002). For example, a muscle cell and a neuron are derived from the same genetic information however, have different properties depending on the exons (coding sequences in the gene) that were used or discarded. Gene expression is the process of selecting components like exons within a gene to generate a protein (Blackstock, 1989).

The processes, transcription and translation, are required in protein synthesis. Transcription is the process of replicating DNA code, to form RNA. This is initiated by an internal stimulus that detects the need for a new protein (Blackstock, 1989). Adapter molecules called Transcription factors, are activated by ligands binding to the transmembrane receptor of a cell and stimulating action from coregulatory proteins. These proteins alter the structure of chromatin (Orphanides and Reinberg, 2002).   The DNA strands that coil around histones are relaxed, producing a euchromatin formation and facilitating the access of the enzyme RNA polymerase to bind with the promoter region of DNA. The enzyme synthesizes RNA, by breaking hydrogen bonds in DNA’s double helix structure to access and replicate the antisense strand. The 3 types of pre-RNA produced, transfer RNA (tRNA), ribosomal RNA (rRNA) and messenger RNA, (mRNA) contain an identical sequence of nucleotides to the DNA, however replace the Thymine nucleic acid with the more stable Uracil (Orphanides and Reinberg, 2002). The pre-mRNA, consists of exons and introns (non-coding sequences) however, the intron regions are removed by a Spliceosome, an assembly of small nuclear RNAs (snRNA). This allows the pre-mRNA to mature into mRNA. This process is called Splicing and similarly occurs in tRNA (Yan et al. 2015). The translation process occurs once mRNA is transported out the nuclear pores of the nucleus by proteins and enters the cytoplasm. The tRNA, contains anti-codons that provide amino acids from within the cytoplasm to a free ribosome. The ribosome ‘reads’ the mRNA codon sequence and forms a polypeptide chain, with amino acids in a position ordered to reflect their corresponding codon (Orphanides and Reinberg, 2002). The protein is a product of exons within one gene (Yan et al. 2015).

Having said that, not all exons in a gene are used to produce protein. Alternative Splicing is the editing of pre-mRNA, so that only selected exons or parts of exons are preserved, in order to produce specialized proteins. The pre-mRNA from one gene can be adapted to produce multiple different proteins, despite being derived from the same genetic information (Yan et al. 2015). Protein isoforms have slightly different amino acid sequences because they are produced from mRNA with slightly different nucleotide sequences, and as a result, the protein isoforms have altered properties. For instance, the selection of exons could create variation in a protein’s stability, enzyme activity or its binding properties (Yan et al. 2015). Alternative splicing selects which parts of a gene should be expressed and used in protein synthesis (Stamm et al. 2005). However, the selection of exons to be preserved or removed during alternative splicing is the result of regulatory DNA elements, enhancers and silencers. The placement of one regulator can enable or redirect an alternative splicing pathway (Matlin, Clark and Smith, 2005). Enhancers increase the rate of transcription by creating a loop in DNA that attracts the enhancer sequences of DNA, where activator proteins are bonded, with the promoter sequence of DNA where transcription factors and RNA polymerase are bonded. The loop of provides opportunity for activator proteins on the enhancer sequence and transcription factors and RNA polymerase on the promoter sequence to interact (Kolovos et al. 2012). Alternatively, repressor proteins bind to the silencer sequence on DNA to discourage promoter activity. Silencers have multiple mechanisms of action however, classic silencers act by creating a loop in DNA to bring silencers in contact with promoter sites to disable gene expression (Kolovos et al. 2012). Exons with silencer sites are removed by spliceosomes, whereas exons with enhancer sequences are expressed (Matlin, Clark and Smith, 2005).

Equally, not all genes are used either. Genes can be turned off when access for RNA polymerase is prevented, meaning that not all genes are expressed and used in protein synthesis (Bollati and Baccarelli, 2010). This can be a result of Epigenetics, an influential factor on gene expression. The epigenome is a set of environmentally stimulated chemical tags that attach to DNA (DNA methylation) and/or histone proteins (histone modification) to modify the genome’s function, in particular gene expression (Bernstein, Meissner and Lander, 2007). In the process of DNA methylation, a methyl group, the chemical tag, binds to the CpG dinucleotides (cytosine and guanine sequence) in DNA, the region where transcription starts. This process essentially turns off a gene, as the additional methyl group maintains the heterochromatin structure, preventing the access of RNA polymerase to the promoter and therefore inhibits transcription as the DNA can’t be read (Bollati and Baccarelli, 2010). Similarly, the process of histone modification can obstruct transcription and turn off a gene, through the addition of a methyl group added to a histone tail (Bollati and Baccarelli, 2010). Having said that, methylation of histone proteins can also promote transcription depending on the lysine residue position. The part of the histone that is methylated determines the transcription response; for instance, methylation of histone H3 lysine 4 (H3K4) promotes transcription whereas, methylation of histone H3 lysine 9 (H3K9) prevents transcription (Bernstein, Meissner and Lander, 2007). Alternatively, acetylation of histone tails is only associated with transcription promotion; the acetyl group helps to create a euchromatin formation to enable a gene’s expression (Bernstein, Meissner and Lander, 2007).  Gene expression is influenced by epigenetically-caused chromatin adaptions, which allow or prevent DNA transcription.
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