Lecture 3. Transcription of genetic information and mRNA processing

Learning outcomes:

1. Define the terms: transcription, promoter, enhancer, terminator.

2. Describe prokaryotic and eukaryotic RNA-polymerases' structure and functions.

3. Describe phases of transcription, explain the processes happening at each phase and
their importance.

4. Explain the process, importance and difference of Rho-independent and Rho-dependent
termination of transcription.

5. Explain the mechanism of polyadenylation, its importance.

6. Describe the structure of the cap fragment, its synthesis and functions.

7. Describe the splicing mechanism and its meaning.

8. Explain the effect of splicing on gene expression.

Transcription, the synthesis of RNA from DNA. Genetic information flows from DNA
into protein, the substance that gives an organism its form. This flow of information occurs
through the sequential processes of transcription (DNA to RNA) and translation (RNA to
protein). Transcription occurs when there is a need for a particular gene product at a specific
time or in a specific tissue.
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During transcription, only one strand of DNA is usually copied. This is called the template
strand, and the RNA molecules produced are single-stranded messenger RNAs (MRNASs). The
DNA strand that would correspond to the mRNAis called the coding or sense strand.
In eukaryotes (organisms that possess a nucleus) the initial product of transcription is called
a pre-mRNA. Pre-mRNA is extensively edited through splicing before the mature mRNA is
produced and ready for translation by the ribosome, the cellular organelle that serves as the site
of protein synthesis. Transcription of any one gene takes place at the chromosomal location of
that gene, which is a relatively short segment of the chromosome. The active transcription of a
gene depends on the need for the activity of that particular gene in a specific cell or tissue or at a
given time.

Small segments of DNA are transcribed into RNA by the enzyme RNA polymerase, which
achieves this copying in a strictly controlled process. The first step is to recognize a specific
sequence on DNA called a promoter that signifies the start of the gene. The two strands of DNA
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become separated at this point, and RNA polymerase begins copying from a specific point on
one strand of the DNA using a special type of sugar-containing nucleoside called ribonucleoside
5’-triphosphate to begin the growing chain. Additional ribonucleoside triphosphates are used as
the substrate, and, by cleavage of their high-energy phosphate bond, ribonucleoside
monophosphates are incorporated into the growing RNA chain. Each successive ribonucleotide
is directed by the complementary base pairing rules of DNA. For example, a C (cytosine) in
DNA directs the incorporation of a G (guanine) into RNA. Likewise, a G in DNA is copied into
a Cin RNA, a T (thymine) into an A (adenine), and an A into a U (uracil; RNA contains U in
place of the T of DNA). Synthesis continues until a termination signal is reached, at which point
the RNA polymerase drops off the DNA, and the RNA molecule is released.

Ahead of many genes in prokaryotes (organisms that lack a nucleus), there are signals
called “operators” (see operons) where specialized proteins called repressors bind to the DNA
just upstream of the start point of transcription and prevent access to the DNA by RNA
polymerase. These repressor proteins thus prevent transcription of the gene by physically
blocking the action of the RNA polymerase. Typically, repressors are released from their
blocking action when they receive signals from other molecules in the cell indicating that the
gene needs to be expressed. Ahead of some prokaryotic genes are signals to which activator
proteins bind to stimulate transcription.
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Transcription in eukaryotes is more complicated than in prokaryotes. First, the RNA
polymerase of higher organisms is a more complicated enzyme than the relatively simple five-
subunit enzyme of prokaryotes. In addition, there are many more accessory factors that help to
control the efficiency of the individual promoters. These accessory proteins are
called transcription factors and typically respond to signals from within the cell that indicate
whether transcription is required. In many human genes, several transcription factors may be
needed before transcription can proceed efficiently. A transcription factor can cause either
repression or activation of gene expression in eukaryotes.

The questions for self - control:
1. What is the transcription and which enzyme is necessary for this process? Describe the types,
structure and functions of this enzyme.
2. What are the main stages of transcription? Describe each stage.
3. What is the structure of gene? Describe its regulatory and coding parts.
4. What is the processing of mMRNA and which main stages it includes?
Recommended readings:
1. Albertsetal., pp. 333-362;
2. Russell, pp. 102-130;
3. Weaver, pp. 522-601.
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