
LINK TO LEARNING
View this video that describes how epigenetic regulation controls gene expression.

Click to view content (https://www.openstax.org/l/epigenetic_reg)

16.4 Eukaryotic Transcription Gene Regulation
By the end of this section, you will be able to do the following:
• Discuss the role of transcription factors in gene regulation
• Explain how enhancers and repressors regulate gene expression

Like prokaryotic cells, the transcription of genes in eukaryotes requires the action of an RNA polymerase to bind to a DNA
sequence upstream of a gene in order to initiate transcription. However, unlike prokaryotic cells, the eukaryotic RNA
polymerase requires other proteins, or transcription factors, to facilitate transcription initiation. RNA polymerase by itself
cannot initiate transcription in eukaryotic cells. There are two types of transcription factors that regulate eukaryotic
transcription: General (or basal) transcription factors bind to the core promoter region to assist with the binding of RNA
polymerase. Specific transcription factors bind to various regions outside of the core promoter region and interact with the
proteins at the core promoter to enhance or repress the activity of the polymerase.

LINK TO LEARNING
View the process of transcription—the making of RNA from a DNA template.

Click to view content (https://www.openstax.org/l/transcript_RNA)

The Promoter and the Transcription Machinery
Genes are organized to make the control of gene expression easier. The promoter region is immediately upstream of the coding
sequence. This region can be short (only a few nucleotides in length) or quite long (hundreds of nucleotides long). The longer the
promoter, the more available space for proteins to bind. This also adds more control to the transcription process. The length of
the promoter is gene-specific and can differ dramatically between genes. Consequently, the level of control of gene expression
can also differ quite dramatically between genes. The purpose of the promoter is to bind transcription factors that control the
initiation of transcription.

Within the core promoter region, 25 to 35 bases upstream of the transcriptional start site, resides the TATA box. The TATA box
has the consensus sequence of 5’-TATAAA-3’. The TATA box is the binding site for a protein complex called TFIID, which contains
a TATA-binding protein. Binding of TFIID recruits other transcription factors, including TFIIB, TFIIE, TFIIF, and TFIIH. Some
of these transcription factors help to bind the RNA polymerase to the promoter, and others help to activate the transcription
initiation complex.

In addition to the TATA box, other binding sites are found in some promoters. Some biologists prefer to restrict the range of the
eukaryotic promoter to the core promoter, or polymerase binding site, and refer to these additional sites as promoter-proximal
elements, because they are usually found within a few hundred base pairs upstream of the transcriptional start site. Examples of
these elements are the CAAT box, with the consensus sequence 5’-CCAAT-3’ and the GC box, with the consensus sequence 5’-
GGGCGG-3’. Specific transcription factors can bind to these promoter-proximal elements to regulate gene transcription. A
given gene may have its own combination of these specific transcription-factor binding sites. There are hundreds of
transcription factors in a cell, each of which binds specifically to a particular DNA sequence motif. When transcription factors
bind to the promoter just upstream of the encoded gene, it is referred to as a cis-acting element, because it is on the same
chromosome just next to the gene. Transcription factors respond to environmental stimuli that cause the proteins to find their
binding sites and initiate transcription of the gene that is needed.

Enhancers and Transcription
In some eukaryotic genes, there are additional regions that help increase or enhance transcription. These regions, called
enhancers, are not necessarily close to the genes they enhance. They can be located upstream of a gene, within the coding region
of the gene, downstream of a gene, or may be thousands of nucleotides away.

Enhancer regions are binding sequences, or sites, for specific transcription factors. When a protein transcription factor binds to
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its enhancer sequence, the shape of the protein changes, allowing it to interact with proteins at the promoter site. However,
since the enhancer region may be distant from the promoter, the DNA must bend to allow the proteins at the two sites to come
into contact. DNA bending proteins help to bend the DNA and bring the enhancer and promoter regions together (Figure 16.9).
This shape change allows for the interaction of the specific activator proteins bound to the enhancers with the general
transcription factors bound to the promoter region and the RNA polymerase.

Figure 16.9 Interaction between proteins at the promoter and enhancer sites. An enhancer is a DNA sequence that promotes transcription.

Each enhancer is made up of short DNA sequences called distal control elements. Activators bound to the distal control elements interact

with mediator proteins and transcription factors. Two different genes may have the same promoter but different distal control elements,

enabling differential gene expression.

Turning Genes Off: Transcriptional Repressors
Like prokaryotic cells, eukaryotic cells also have mechanisms to prevent transcription. Transcriptional repressors can bind to
promoter or enhancer regions and block transcription. Like the transcriptional activators, repressors respond to external
stimuli to prevent the binding of activating transcription factors.

16.5 Eukaryotic Post-transcriptional Gene Regulation
By the end of this section, you will be able to do the following:
• Understand RNA splicing and explain its role in regulating gene expression
• Describe the importance of RNA stability in gene regulation

RNA is transcribed, but must be processed into a mature form before translation can begin. This processing that takes place
after an RNA molecule has been transcribed, but before it is translated into a protein, is called post-transcriptional
modification. As with the epigenetic and transcriptional stages of processing, this post-transcriptional step can also be
regulated to control gene expression in the cell. If the RNA is not processed, shuttled, or translated, then no protein will be
synthesized.

RNA Splicing, the First Stage of Post-transcriptional Control
In eukaryotic cells, the RNA transcript often contains regions, called introns, that are removed prior to translation. The regions
of RNA that code for protein are called exons. (Figure 16.10). After an RNA molecule has been transcribed, but prior to its
departure from the nucleus to be translated, the RNA is processed and the introns are removed by splicing. Splicing is done by
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