IN SUMMARY: EUKARYOTIC EPIGENETIC GENE REGULATION

In eukaryotic cells, the first stage of gene expression control occurs at the
epigenetic level. Epigenetic mechanisms control access to the
chromosomal region to allow genes to be turned on or off. These
mechanisms control how DNA is packed into the nucleus by regulating
how tightly the DNA is wound around histone proteins. The addition or
removal of chemical modifications (or flags) to histone proteins or DNA
signals to the cell to open or close a chromosomal region. Therefore,
eukaryotic cells can control whether a gene is expressed by controlling
accessibility to transcription factors and the binding of RNA polymerase

to initiate transcription.

To start transcription, general transcription factors, such as TFIID, TFIIB,
and others, must first bind to the TATA box and recruit RNA polymerase
to that location. The binding of additional regulatory transcription factors
to cis-acting elements will either increase or prevent transcription. In
addition to promoter sequences, enhancer regions help augment
transcription. Enhancers can be upstream, downstream, within a gene
itself, or on other chromosomes. Transcription factors bind to enhancer
regions to increase or prevent transcription.

Post-transcriptional control can occur at any stage after transcription,
including RNA splicing, nuclear shuttling, and RNA stability. Once RNA
Is transcribed, it must be processed to create a mature RNA that is ready
to be translated. This involves the removal of introns that do not code for
protein. Spliceosomes bind to the signals that mark the exon/intron border
to remove the introns and ligate the exons together. Once this occurs, the
RNA is mature and can be translated. RNA is created and spliced in the
nucleus, but needs to be transported to the cytoplasm to be translated.

RNA is transported to the cytoplasm through the nuclear pore complex.



Once the RNA is in the cytoplasm, the length of time it resides there
before being degraded, called RNA stability, can also be altered to
control the overall amount of protein that is synthesized. The RNA
stability can be increased, leading to longer residency time in the
cytoplasm, or decreased, leading to shortened time and less protein
synthesis. RNA stability is controlled by RNA-binding proteins (RPBs)
and microRNAs (miRNASs). These RPBs and miRNAs bind to the 5" UTR
or the 3" UTR of the RNA to increase or decrease RNA stability.
Depending on the RBP, the stability can be increased or decreased
significantly; however, miRNAs always decrease stability and promote

decay.
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