Lec2       Transcription and RNA Processing د.اسامة الموسوي
The first stage in the expression of genetic information is transcription of the information in the base sequence of a double-stranded  DNA molecule to form the base sequence of a single-stranded molecule of RNA. For any particular gene, only one strand of the DNA molecule, called the template strand, is copied by RNA polymerase as it synthesizes RNA in the 5' to 3' direction. Because RNA polymerase moves in the 3' to 5' direction along the template strand of DNA, the RNA product is antiparallel and complementary to the template. RNA polymerase recognizes start signals (promoters) and stop signals (terminators) for each of the thousands of transcription units in the genome of an organism. Figure below illustrates the arrangement and direction of transcription for several genes on a DNA molecule.                                                                 

RNA Structure
The main differences between DNA and RNA ( Ribonucleic acid ) illustrated in (table : 1) 
	Table 1 : The main differences between DNA and RNA 

	RNA
	DNA

	1-Usually single stranded 
2-Uracil as a base  ( figure 2 )
 
3-Ribose as the sugar
4- Functionally : carries protein encoding information and controls how information is used .
  
5- Transient : the presence of the –OH of the ribose makes RNA much less stable than DNA , which is critical in its function as a short-lived carrier of genetic information .
	1-Usually double stranded 
2-Thymine as a base
3- Deoxyribose as the sugar
4- functionally : stores RNA and protein encoding information, and transfers information to daughter cells
5- Persists   
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TYPES OF RNA

RNA molecules play a variety of roles in the cell. The major types of RNA are:
• Ribosomal RNA (rRNA), which is the most abundant type of RNA in the cell. It is used as a structural component of the ribosome. Ribosomal RNA associates with ribosomal proteins to form the complete, functional ribosome.
• Transfer RNA (tRNA), which is the second most abundant type of RNA. Its function is to carry amino acids to the ribosome, where they will be linked together during protein synthesis.
• Messenger RNA (mRNA), which carries the information specifying the amino acid sequence of a protein to the ribosome. Messenger RNA is the only type of RNA that is translated. The mRNA population in a cell is very heterogeneous in size and base sequence, as the cell has essentially a different mRNA molecule for each of the thousands of different proteins made by that cell.
• Heterogeneous nuclear RNA (hnRNA or pre-mRNA), which is found only in the nucleus of eukaryotic cells. It represents precursors of mRNA, formed during its post transcriptional processing.
• Small nuclear RNA (snRNA), which is also only found in the nucleus of eukaryotes. One of its major functions is to participate in splicing (removal of introns) mRNA.
RNA POLYMERASES

There is a single prokaryotic RNA polymerase that synthesizes all types of RNA in the cell. A protein factor called sigma (𝛔) is required for the initiation of transcription at a promoter. Sigma factor is released immediately after initiation of transcription. Termination of transcription sometimes requires a protein called rho (𝛒) factor. The prokaryotic RNA polymerase is inhibited by rifampin. Actinomycin D binds to the DNA, preventing transcription. There are three eukaryotic RNA polymerases, distinguished by the particular types of RNA they produce.
• RNA polymerase I is located in the nucleolus and synthesizes 28 S, 18 S, and 5.8 S  rRNAs.
• RNA polymerase II is located in the nucleoplasm and synthesizes hnRNA ,mRNA and some snRNA.
• RNA polymerase III is located in the nucleoplasm and synthesizes tRNA, some snRNA, and  5 S rRNA.
Transcription factors (such as TFIID for RNA polymerase II) help to initiate transcription. The requirements for termination of transcription in eukaryotes are not well understood. All transcription can be inhibited by actinomycin D. In addition, RNA polymerase II is inhibited by a-amanitin (a toxin from certain  mushrooms).

Transcription (RNA synthesis): 
Transfer of genetic information from DNA by the synthesis of a complementary RNA molecule under the direction of RNA polymerase. 
Transcription occurs in three stages: 
1- Initiation: 
Transcription begins when transcription factors help RNA polymerase bind to the promoter (which is a special sequence that signals the start of the gene). Transcription factor regulate which genes are transcriped in a particular cell type. 
[image: img052]
Figure: Setting the stage for transcription to begin: a- Proteins that initiate recognize specific sequences in the promoter region of a gene. b-A binding protein recognizes the TATA region and binds to the DNA. This allows other transcription factors to bind. c- The bound transcription factors form a pocket that allows RNA-polymerase to bind and begin making RNA.
2- Elongation :
RNA polymerase unwind the DNA double helix locally, RNA polymerase then adds RNA nucleotides to a growing chain, in a sequence complementary to the DNA template strand . RNA is transcribed from the template strand of DNA. The other DNA strand is called the coding strand.
3- Termination:
A termination sequence in the gene signals the end of transcription.
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mRNA Processing in Eukaryotes

In the nucleus, a gene composed of Exons (coding sequences) and Introns
(noncoding sequences). Both of these are transcriped to pre- mRNA or primary
transcripts (primary mRNA). Pre mRNA undergoes 3 major modifications prior to
their transport to the cytoplasm for translation:
1) 7-Methyl guanosine caps are added to the 5' ends of the primary transcripts. 2) Poly (A) tails (a series of adenine molecules) are added to the 3 ends of the
transcripts. It is important for RNA stability and translation of polypeptide.
3) Processing involves spliceosomes consist of snRNAs and protein subunits in the
nucleus to remove the intron and splice together the exon into mRNA. Mature
mRNA transmits to the cytoplasm where it directs protein synthesis. Transcription
and RNA processing occur in the nucleus while translation occurs in the cytoplasm
(in Eukaryote).
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Translation (Protein Synthesis)
The Process which the genetic information (which is stored in the sequence of
nucleotides in an mRNA molecule ) is translated , according to the specification of the genetic code into the sequence of amino acids in the polypeptide gene product. Aribosome has two subunits (each composed of rRNA and various proteins) small
subunit and large subunit. Eukaryotic ribosome (80 S) has small subunit (40 S) and
large subunit (60 S).
Protein synthesis consists of 3 phases:
1- Initiation Phase:
A small ribosomal subunit binds to mRNA: an initiator tRNA with the
anticodon UAC pairs with the start codon AUG.
The large ribosomal subunit completes the ribosome; initiator tRNA carry
methionine occupies the P-site. The A-site is ready for the second tRNA
The small and large subunit together form two tRNA binding sites P (Peptidyl)
site and A (Aminoacyl ) site .
[image: ]
2- Elongation Phase: Elongation consists of 3 steps:
1st A second charged tRNA with an anticodon complementary to the second
codon on mRNA binds to A-site.
2nd- Peptide bond formation: Peptidyltransferase (part of the large ribosomal
subunit) can catalyze formation of peptide bond between the amino acids
carried by the two tRNAs . This bond forming reaction connects the methionine at the P-site to the amino acid carried by the tRNA at the A-site. It also disconnects
methionine from the initiation tRNA as a result the tRNA at the A-site now carries
two amino acids.
3rd- Translocation:
Three concerted movements occur, collectively called translocation.
1- Uncharged -tRNA leaves the P-site.
2- The dipeptide-tRNA in the A-site moves to the P-site.
3- The ribosome moves a long the mRNA by three nucleotides (codon) to place the
next codon in the A-site.
The empty A-site now receives another tRNA whose identity is determined by the
next codon in the mRNA and the (peptide bond formation and translocation) occurs once again.
[image: ttttttttt]

[bookmark: _GoBack]3- Termination Phase:
Termination of protein synthesis occurs when one of 3 stop codons (UAG,
UAA, and UGA) appears in A-site of the ribosome. A protein called release factor
recognizes stop codons and hydrolysis the bond between the last tRNA at the P-site
and the polypeptide releasing them. The ribosomal subunits dissociate.
The resultant polypeptide chain may be enzyme, hormone, antibody, or
structural proteins.
[image: ttttttttt]

Genetic Code:
The linear sequences of 3 Nucleotides in mRNA that Code for a sequence of amino acids in Polypeptide chain during the Process  of Translation at the Ribosome .  64 Codons more than enough to Code for 20 different amino acids found in Proteins



[image: types of dna and rna]
Features of The Genetic Code :
1- Genetic Code is Triplet : AAA  Code for Lysine .   
2- Unambiguous : each Triplet Codon has only one meaning . 
3- The Genetic Code has start and stop signals . There is one start signals    ( AUG ) .  and there is 3 stop signals ( UAA , UAG , UGA ) .
4- Universal : the Code is same and stable in all living organisms .
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Transcription Factors

Study of the control of gene expression began in 1961, when
French biologists Francois Jacob and Jacques Monod described
the remarkable ability of E. coli bacteria to produce the enzymes
to metabolize the sugar lactose—but only when lactose is in
the cell’s surroundings. What “tells” a simple bacterial cell to
transcribe the proteins it needs, at exactly the right time?

Jacob and Monod discovered that a modified form of
lactose “turned on” the genes whose encoded proteins break it
down. They named the set of genes that are coordinately con-
trolled an operon, writing in 1961, “The genome contains not
only a series of blueprints, but a coordinated program of pro-
tein synthesis and means of controlling its execution.”

In bacteria, operons turn transcription of a few genes
on or off. In more complex organisms, different cell types
express different subsets of genes. To manage this, groups of
proteins called transeription factors come together, forming
an apparatus that binds DNA at certain sequences and initiates
transcription at specific sites on chromosomes. (Bacterial regu-
latory proteins are also called transcription factors.) The tran-
scription factors, activated by signals from outside the cell such
as hormones and growth factors, set the stage for transcription
by forming a pocket for RNA polymerase—the enzyme that
builds an RNA chain.

Transcription factors include regions called binding
domains that guide them to the genes they control. The DNA
binding domains have very colorful names, such as “helix-
turn-helix,” “zinc fingers,” and “leucine zippers,” that reflect
their distinctive shapes.

The human genome encodes about 2,600 proteins that
have DNA binding domains and about 2,000 of these arc
thought to function as transcription factors. There are only a
few classes of transcription factors, however, based on simi-
lar overall structures. The fact that transcription factors work
in combinations provides great specificity in controlling gene
expression. Overall, transcription factors link the genome to
the environment. For example, lack of oxygen, such as from
choking or smoking, sends signals that activate transcription
factors to turn on dozens of genes that enable cells to handle
the stress of low-oxygen conditions.

Mutations in transcription factor genes can have wide-
ranging effects, because the factors control many genes. The
varied symptoms of Rett syndrome, discussed in Reading 6.2,
arise from a mutation in the gene that encodes a transcription
factor called MECP2. Transcription factors are themselves
controlled by each other and by other classes of molecules.

Steps of Transcription

Transcription and translation are each described in three steps:
initiation, elongation, and termination.

How do transcription factors and RNA polymerase
(RNAP) “know” where to bind to DNA to begin transcribing
a specific gene? In transcription initiation, transcription fac-
tors and RNA polymerase are attracted to a promoter, which

is a special sequence that signals the start of the gene. Signals
~——

186 Part3 DNAand Chromosomes

from outside the cell alter the chromatin structure in a way that
exposcs the promoter of a gene whose transcription is required
under the particular conditions (see figure 11.8).

Figure 10.7 shows a simplified view of transcription fac-
tor binding, which sets up a site called a preinitiation complex
to receive RNA polymerase. The first transcription factor to
bind, called a TATA binding protein, is chemically attracted
to a DNA sequence called a TATA box—the base sequence
TATA surrounded by long stretches of G and C. Once the first
transcription factor binds, it attracts others in groups. Finally
RNA polymerase joins the complex, binding just in front of the
start of the gene sequence. The assembly of these components
is transcription initiation. S

7 unwind the DNA double helix locally, and free RNA nucleotides

bond with exposed complementary bases on the DNA template
strand (see figure 10.2). RNA polymerase adds the RNA nucle-
otides in the sequence the DNA specifies, moving along the
DNA strand in a 3' to 5’ direction, synthesizing the RNA mol-
ecule in a 5' to 3’ direction. A terminator sequence in the DNA
indicates where the gene’s RNA-encoding region ends. When
this spot is reached, the third stage, transcription termination,
occurs (figure 10.8). A typical rate of transcription in humans is
20 bases per second.
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Figure 10.7 setting the stage for transcription to

begin. (a) Proteins that initiate transcription recognize specific
sequences in the promoter region of a gene. (b) A binding protein
recognizes the TATA region and binds to the DNA. This allows
other transcription factors to bind. (c) The bound transcription
factors form a pocket that allows RNA polymerase to bind and
begin making RNA.
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Figure 10.8 Transcription of RNA from DNA. Transcription occurs in three stages:
initiation, elongation, and termination. Initiation is the control point that determines which
genes are transcribed. RNA nucleotides are added during elongation. A terminator sequence
in the gene signals the end of transcription.
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Figure 10.9 Many identical copies of RNA are transcribed simultaneously. Usually
100 or more DNA bases lie between RNA polymerases.
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Figure 10.10 Messenger RNA processing—the maturing of
the message. Several steps process pre-mRNA into mature mRNA.
First, a large region of DNA containing the gene is transcribed. Then
a modified nucleotide cap and poly A tail are added and introns are
spliced out. Finally, the intact, mature mRNA is sent out of the nucleus.




