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TRANSCRIPTION

Transcription is the synthesis of mRNA from DNA
catalyzed by the enzyme RNA polymerase. The enzyme
requires all four ribonucleotides (ATP, GTP, UTP and
CTP) as raw materials/substrates, DNA-template and two
divalent cations (Mg2+ and Zn2+) for biosynthetic
process. As the enzyme requires DNA-template for
mRNA synthesis, it is more specifically known as DNA-
dependent/DNA-directed RNA polymerase.



Bacterial RNA polymerase is a multi subunit protein. In E.
coli, RNA polymerase has two parts: one is core enzyme
complex and another is co-factor. The core enzyme is made
up of two copies of alpha subunit (40kD each) and one
copy of each of beta (150kD), beta-prime (160kD) and
omega (10kD) subunits. So, core enzyme (α2ββ’ω) has a
total MW of 390kD. A co-factor called sigma (σ) factor
binds transiently with core enzyme and help the core
enzyme to find out specific recognition site on a gene.

RNA POLYMERASE



A promoter is a region of DNA/gene where RNA
polymerase binds and initiates transcription.
Typically, promoters are located a short distance
upstream of transcription start site (+1 site).
A promoter includes following elements…….
1. -10 element
2. -35 element
3. UP-element
4. Discriminator element

PROMOTER





Different regions of a σ-factor interact with different regions of
a promoter DNA. The σ-70 has four regions called region 1
through region 4. The region 2 and region 4 of σ-70 recognize
the -10 and -35 elements respectively. The region 3 recognizes
the extended -10 element and interacts. Unlike the other
promoter elements, the UP-element is not recognized by any
region of the σ-factor but is recognized by a carboxy-terminal
domain of the alpha subunit called the αCTD of the RNA
polymerase.

Sigma factor





The first phase of transcription, that is, initiation includes a
series of defined steps….
(1) promoter recognition,
(2) formation of the closed complex,
(3) transition of the closed complex to an open complex,
(4) synthesis of first few nucleotides (upto 10) and
(5) promoter clearance.

INITIATION



The initial binding of the RNA polymerase to the promoter leads to the
formation of a closed complex in which RNA polymerase is bound
relatively weakly. The closed complex is then converted into an open
complex by unwinding (melting) a short stretch of the promoter DNA at
-10 region.
Once open complex is formed, the template DNA is positioned at the
active site of the holoenzyme and between first nucleotide and second
nucleotide a phosphodiester is formed between them. In the same
way, subsequent ribonucleotides are added to the growing chain
without any enzyme movement. The incorporation of first 10
ribonucleotides is a rather inefficient process and RNA polymerase
releases a series of short RNA transcripts of less than 10 nucleotides,
which is known as abortive synthesis.
Once the enzyme makes a transcript longer than 10 nucleotides

(threshold length), it is said to have escaped the promoter.





The covalent extention of the RNA chain
takes place within the transcription
bubble, a locally unwound region of the
DNA with a length of 12-18 bp and about
40 nucleotides are added to the growing
chain per second at 37ᵒ C in E. coli.

ELONGATION







In pyrophosphorolytic editing, the enzyme uses its active site
in a simple back-reaction to catalyze the removal of an
incorrectly inserted ribonucleotide by the reincorporation of
PPi.

In hydrolytic editing, the enzyme backtracks

by one or more nucleotides and cleaves the RNA chain

upstream of a mismatched base, thus releasing error-

containing sequence.

PROOFREADING





The rho independent terminators also called intrinsic
terminators consist of two well characterized elements: a short
GC-rich inverted repeat (of ~20 nucleotides) followed by a
stretch of about eight AT base pairs. When RNA polymerase
transcribes the DNA template past the T-rich region, the
resulting RNA chain folds into a hairpin structure by
complementary base pairing just upstream of the oligoU
sequence. The formation of the hairpin structure causes
termination by destabilizing the elongation complex.

Rho-independent termination





The rho dependent terminators are 50-90 nucleotides
long that lie upstream of the termination site and are
rich in C-residues but poor in G-residues. They have
ill-defined RNA elements called rho utilization (rut)
sites. The rho protein binds to the ssRNA as it exits
from the polymerase and then translocates along the
RNA chain using energy from ATP hydrolysis until it
catches up the elongating RNA polymerase where it
unwinds the DNA-RNA helix with its helicase activity,
thus releasing nascent RNA molecule.

Rho-dependent termination




