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Introduction 

*  Transcription is the process in 
which genetic information, 
stored in a strand of DNA (gene), 
is copied into a strand of RNA. 

*  Protein-encoding genes 
(structural genes) carry the 
information for the amino acid 
sequence of a polypeptide. 
*  When a protein-encoding gene is 

transcribed, the first product is 
known as messenger RNA 
(mRNA). 
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Regions of Genes 
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Genes 
The Review 

*  Where are genes located? 
*  On the chromosome 

*  What is the name of the 
location on the chromosome 
where genes are located? 
*  The Locus 

*  What are genes composed of? 
*  DNA 
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Genes II 

*  The beginning and the ending of 
genes play an important role in 
the regulation of RNA synthesis. 
*  Regulatory Region 
*  Beginning 

*  Coding Region 
*  Middle 
*  Area of gene where mRNA is 

transcribed from. 

*  Terminator 
*  Ending 

Gene 

Regulatory 
Region 

Coding 
Region Terminator 



Regulatory Region I 

1.  Receives signals from other 
genes or cellular 
environment 

2.  The binding site for 
regulatory proteins. 

a.  Regulatory proteins 
influence the rate of 
transcription. 

3.  This is also the region 
where the enzyme RNA 
polymerase first binds 
onto the gene. 4/8/16 07:45 6 



Regulatory Region II 

*  The regulatory region of the gene 
contains a special section called the 
promoter region. 
*  This is the actual site where RNA 

polymerase binds. 
*  Signals the beginning of 

transcription. 
*  Within E Coli, a prokaryotic 

organism, it has been discovered 
that a  special region called the 
TATA box (Pribnow box) is 
located at about -10. 
*  10 sequences before the actual 

location where the making of the 
new RNA strand begins. 

Gene 

Regulatory 
Region 

Promoter Region 

TATA box 
(Prokaryotes & 

Eukaryotes) 

Coding Region Terminator 



Terminator 

*  Region of the gene that 
signals for the end of 
transcription. 
*  Occurs via a RNA-

binding protein or an 
intrinsic terminator. 



Transcription Step by Step 
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Transcription at a Glance 

*  There are three general 
stages of transcription. 
*  Initiation 
*  Elongation 
*  Termination 

Initiation 

Elongation 

Termination 



Initiation 
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Transcription {Prokaryotes} 
Initiation 

*  Transcription occurs within the 
nucleus of the cell and “starts” when 
RNA polymerase holoenzyme binds 
within the promoter region 
(sequence) and unzips the DNA 
strand 
*  Holoenzyme {σ subunit} 
*  A biochemically active compound 

formed by the combination of an 
enzyme with a coenzyme. 

*  Coenzyme 
*  A small, non-proteinaceous, 

molecule required for activation of 
an enzyme 
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Structure of RNA Polymerase 
Holoenzyme 

*  RNA Polymerase Holoenzyme is 
composed of… 
*  RNA Polymerase 
*  Non-proteinous molecules 

(coenzymes) 
*  σ factor 
*  Recognizes bases at -35 and -10 

within the promoter region 
*  Holoenzyme 

*  Two α subunits 
*  Helps assemble the enzyme 
*  Fit into the groove of the DNA 

double helix 

*  Two β subunits 
*  Helps with the binding onto the 

DNA strand and help synthesize the 
new RNA strand. 

*  ω subunit 
*  Helps with the proper assembly of 

the enzyme. 4/8/16 07:45 13 



The Promoter Region 

*  The promoter region 
contains two 
characteristic consensus 
sequences. 
*  -35 sequence 
*  Pribnow box 
*  TATA Box 
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The Promoter Region II 

*  –35 sequence 
*  (5'-TTGACA-3') 
*  This area is located 

about 35 bases to the 
left of {before} the 
transcription start site 
*  This is the initial point 

of contact for the holo-
enzyme. 
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The Promoter Region III 

*  Pribnow box 
*  Also called the TATA Box 
*  This region is located at about 

-10 
*  (5'-TATAAT-3')  

*  This is the site of initial DNA 
unwinding 
*  Unwinding of a short stretch 

(about 14 bases) converts the 
closed complex to an open 
one known as a transcription 
bubble.  
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Elongation 
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Elongation I 

*  Once the promoter region has 
been recognized and bound by 
the holoenzyme, “local” 
unwinding of the DNA double 
helix continues mediated by the 
RNA polymerase. 

*  RNA Polymerase Holoenzyme 
works downstream adding RNA 
nucleotides to the 3’ end of the 
newly formed RNA strand 
*  The new RNA strand grows 

in the 5’ to 3’ direction 
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Elongation II 

*  RNA Polymerase, being 
17 base pairs long,  adds 
about 43 nucleotides per 
second. 
*  Special Note: - 
*  Local unwinding 

generates supercoils 
(tangles) in the DNA 
and can be relieved by 
DNA topoisomerases. 

4/8/16 19 



Termination 
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Termination 

*  The elongation of the RNA 
strand being made continues 
until the termination signal is 
reached. 

*  In E Coli, a prokaryotic cell, 
there are two different ways in 
which termination is completed. 
*  ρ  {rho} dependent 

termination 
*  ρ {rho} independent 

termination 
*  Spontaneous termination 
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Termination II 

* ρ (rho) dependent 
termination 
*  Requires the use of the 
ρ protein. 

* ρ (rho) independent 
termination 
*  Does not require the use 

of the ρ protein. 
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ρ Independent Termination I 

*  Seen in most prokaryotic genes. 
*  The termination sequence is 

about 40 base pairs (bp) long 
*  mRNA 

*  Within this 40 bp section 
are inverted repeats  
*  Sections that read the same, 

forward or backward. 

*  When base pairs are transcribed, 
they form complementary 
sequences that bind together, 
forming a stem {hairpin} loop 
*  When the RNA folds back on 

itself, a rich GC-rich stem Is 
formed plus a {hairpin} loop. 4/8/16 07:45 23 



ρ Independent Termination II 

*  There are two sequences within 
the terminator. 
*  Sequence 1 
*  Promotes formation of the 

stem loop 
*  Contains the inverted repeats 

that permits the guanine-
cytosine connections 

*  Sequence 2 
*  Downstream after the stem 

loop 
*  Is a uracil rich sequence that is 

located atthe 3’ end of the 
synthesized RNA strand. 4/8/16 07:45 24 



ρ Independent Termination III 

*  The formation of the stem 
loop causes RNA 
polymerase to pause its 
synthesis of RNA. 
*  Stabilized with the use of 

the protein NusA. 
*  At the precise time the RNA 

polymerase pauses, the uracil 
rich sequence in the newly 
synthesized RNA is bound to 
the DNA template strand 
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Ρ Independent Termination IV 

*  The binding of the A-U 
sequence allows the 
RNA transcript to 
dissociate from the 
DNA…stopping any 
further transcription. 
*  A-U sequence is 

“unstable.” 
*  Two hydrogen bonds 

between. 
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ρ Independent Termination V 

*  The formation of the stem 
loop causes RNA 
polymerase to pause its 
synthesis of RNA. 
*  Stabilized with the use of 

the protein NusA. 
*  At the precise time the RNA 

polymerase pauses, the uracil 
rich sequence, in the newly 
synthesized RNA, is bound 
to the DNA template strand 
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ρ Dependent Termination I 

*  There are two requirements 
for the ρ dependent  process. 
*  Rut site 
*  Rho utilization site 
*  Encodes a sequence that 

allows the ρ protein to 
bind. 

*  Terminator site 
*  Sequence containing 

several G-C base pairs that 
form a stem loop. 
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ρ Dependent Termination II 

*  The ρ protein acts like 
a helicase and separates 
the RNA-DNA hybrid. 
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ρ Dependent Termination III 

*  The hairpin loop, when 
bounded to RNA 
polymerase, causes it to 
change its shape 
WHILE the ρ protein is 
separating the RNA-
DNA hybrid. 
*  RNA polymerase is then 

released. 
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The Role of Antibiotics 
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The Role of Antibiotics I 

*  Some antibiotics prevent 
bacterial cell growth by 
inhibiting RNA synthesis.  

*  For example, rifampin 
inhibits the initiation of 
transcription by binding to 
the β subunit of prokaryotic 
RNA polymerase, thus 
interfering with the 
formation of the first 
phosphodiester bond. 
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The Role of Antibiotics II 

*  Rifampin is useful in the 
treatment of tuberculosis. 

*  Dactinomycin (known to 
biochemistsas actinomycin D) 
was the first antibiotic to find 
therapeutic application in 
tumor chemotherapy. 
*  It binds to the DNA 

template and interferes 
with the movement of 
RNA polymerase along the 
DNA. 4/8/16 33 


