TRANSCRIPTION
The Bacterial Transformation
It involves three processes
1. Initiation, in which the transcription apparatus assembles on the promoter and begins the synthesis of RNA;
2. Elongation, in which RNA polymerase moves along the DNA, unwinding it and adding new nucleotides, one at a time, to the 3 end of the growing RNA strand; a
3. Termination, the recognition of the end of the transcription unit and the separation of the RNA molecule from the DNA template.
As we know that for transcription to initiate, RNA polymerase must bind to promoter region of the gene.
Genetic information on chromosomes is organized into transcription units. These are segments of DNA that are transcribed into a single RNA molecule. Each transcription unit is bounded by sites where transcription is initiated and terminated. Some units of transcription include only a single gene. Others contain two or more genes. These genes are said to be cotranscribed, yielding a single RNA molecule. 
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A transcriptional Unit




Initiation: Four steps are involved in initiation
(1) Promoter recognition, 
(2) Formation of the transcription bubble, 
(3) Creation of the first bonds between rNTPs, and 
(4) Escape of the transcription apparatus from the promoter
As mentioned earlier RNA polymerase along with accessory proteins form the transcription apparatus and for transcription to proceed the transcription has to recognize the promoter region and bind to it.
The frequency of transcription of a gene is determined by how strongly a RNA Polymerase enzyme binds to the promoter of that gene.
Bacterial promoters- Promoters are sequences in the DNA that are recognized by the transcription apparatus and are required for transcription to take place. In bacterial cells, promoters are usually adjacent to an RNA coding sequence.
Examinations of many sequences of E.coli. and other bacteria reveal some general features of a promoter which is recognized by RNA Polymerase enzyme.
· Most of the nucleotides within the promoters vary in sequence, short stretches of nucleotides are common to many.
· The spacing and location of these nucleotides relative to the transcription start site are similar in most promoters.
· These short stretches of common nucleotides are called consensus sequences.

The term “consensus sequence” refers to sequences that possess considerable similarity or consensus. By definition, the consensus sequence comprises the most commonly encountered nucleotides found at a specific location.
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The most commonly encountered consensus sequence, found in almost all bacterial promoters, is located just upstream of the start site, centered on position -10 position Called the -10 consensus sequence or, sometimes, the Pribnow box, its sequence is 5’ TATAAT 3’



















Initial RNA synthesis
· Once the holoenzyme binds to the promoter RNA polymerase positions itself over  +[image: ]1 site it begins transcription. It unwounds DNA to make it single stranded.
· RNA polymerase pairs the base on a ribonucleoside triphosphate with its complementary base at the start site on the DNA template strand. No primer is required to initiate the synthesis of the 5_ end of the RNAmolecule. Two of the three phosphates are cleaved from the ribonucleoside triphosphate as the nucleotide is added to the 3_ end of the growing RNA molecule.
· The 5_ end of the first ribonucleoside triphosphate does not take part in the formation of a phosphodiester bond, all three of its phosphates remain. An RNA molecule  therefore possesses, at least initially, three phosphates at its 5_ end.
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· Polymerization is driven by the release of energy from the two energy-rich phosphate bonds of the incoming ribonucleoside triphosphates. In both DNA replication and RNA transcription the overall direction of chain growth is from the 5’end to the 3’ end; thus the new strand is antiparallel to the template strand.
ELONGATION
After initiation, RNA polymerase moves downstream along the template, progressively unwinding the DNA at the leading (downstream) edge of the transcription bubble, joining nucleotides to the RNA molecule according to the sequence on the template, and rewinding the DNA at the trailing (upstream) edge of the bubble.
Transcription takes place within a short stretch of about 18 nucleotides of unwound DNA—the transcription bubble.

Termination
RNA polymerase moves along the template, adding nucleotides to the 3’ end of the growing RNA molecule until it reaches and transcribes a terminator. During termination, three events take place
· Dissociation of newly formed RNA from RNA pol. enzyme
· Newly formed RNA dissociates from DNA
· RNA pol leaves template DNA.
There exists two mechanism for termination in bacterial cells
1. Rho independent or intrinsic termination; Rho is an ancillary protein
2.  Rho dependent or extrinsic termination

1. Rho-independent terminators have two common features. First, they contain inverted repeats (sequences of nucleotides on one strand that are inverted and complementary). When inverted repeats have been transcribed into RNA, a hairpin secondary structure forms. Second, in rho-independent terminators, a string of approximately six adenine nucleotides follows the second inverted repeat in the template DNA. Their transcription produces a string of uracil nucleotides after the hairpin in the transcribed RNA.
The presence of a hairpin in an RNA transcript causes RNA polymerase to slow down or pause, which creates an opportunity for termination. At the same time The adenine–uracil base pairings (dA::rU) downstream of the hairpin are relatively unstable compared with other base pairings, and the formation of the  hairpin may itself destablize the DNA–RNA pairing, [image: ]causing  the RNA molecule to separate from its DNA template. 

2. Rho dependent termination
Rho-dependent terminators have two features: (1) DNA sequences that produce a pause in transcription; and (2) a DNA sequence that encodes a stretch of RNA upstream of the terminator that lacks any secondary structures. This unstructured RNA serves as binding site for the rho protein, which binds the RNA and moves toward its 3’end, following the RNA polymerase.
When RNA polymerase encounters the terminator, it pauses, allows rho protein to bind to the unstructured portion of RNA. Rho is helicase protein, it uses to unwind the RNA–DNA hybrid in the transcription bubble, bringing an end to transcription.
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RNA polymerasefrom Bactera has five diffrent subunits, des-
gnated B, B, . o omega), and o (sgma, with  present i two
coples. The B and ' (beta prime) subunis are simila but not
identcal. The subunits nteract o form the active enzyme, called
the RNA polymerase holocnzyme, but the sigma factor is ot 1s
tightly bound as the others and casly dissociates,lading to the
formation ofthe RNA polymerase core enzyme, o' The core
enzyme slone synthesizes RNA, wherea the sigma facor recog-
nizes the appropriat it onthe DNA for RNA synthasis o begin.
“The omega sbuni s needed fo assembly of the coreanzyme but
ot for RNA synthesis. RNA sythesi i lustrated in Flgure 6.25
Oniine Tutoral6.3: Tanscrpton

Promoters
'RNA polymerase i a arge protein and makes contact with many
bases of DNA simultancously. Proteins such a5 RNA polymerase
can interact specifcally with DNA because portions of the bases
are exposed in the major groove. However,in order to initiate
RNA synthesis correcty, RNA polymerase must first recognize
the initiation sites on the DNA. These sites, caed promoters,
are recognized by the sigma factor (Flgure 6.26).

‘Once the RNA polymerase has bound to the promoter, tran-
seription can proceed. In this proces, the DNA double helix at
the promotr is opened up by the RNA polymerase to form a
transcription bubble. As the polymerase movs, it unwinds the
'DNA in short segments. This transient umwinding exposes the
template strand and allows it o be copied into the KNA comple-
‘ment. Thus, promoters can be thought of 25 pointing RNA po-
Iymerasein o direction o theother along the DNA. Ifa region of
'DNA has two nearby promoters pointing in opposite directins,
then transcription from one willproceed in one direction (on one
of the DNA strands) while transciption from the other promoter
will proceed inthe opposie directon (on the other szand).

‘Once a short tretch of RNA has been formed, the sigma factor
dissociates. Flongation of the RNA molecule i then carrid out by
the core enzyme alone (Figure 6:25). Sigma is only needed o form
the nital RNA polymerase-DNA comple:a the promoter As the
newly made RNA dissociates from the DNA, the opened DNA
closes back into the original double helx. Transcription stops at
specifcits called ranscripion terminators (Sction 6.14).

Unlike DNA ronlication. which conios onfirs oonomes. tran-
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In this mechanism, transcription s terminated by rho (p) protein.
itis ring shaped single strand binding ATpase protein.

‘The rho protein bind the single stranded RNA as it exit from polymerase enzyme complex and
hydrolyse the RNA from enzyme complex.

‘The rho protein does not bind to those RNA whose protein is being translated. Rather it bind to
RNA after translation.

In bacteria transcription and translation occur simultaneously so the rho protein bind the RNA
after translation has completed but transcription is still ON.
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each transcription unit. How does the complex of enzymes
and proteins that performs transcription—the transcription
apparatus—recognize a transcription unit? How does it
know which DNA strand to read, and where to start and
stopt This information is encoded by the DNA sequence.

Included within a transcription unit are three critical
regions: a promoter, an RNA coding sequence, and a termi-
nator (¢ FIGURE 13.7). The promoter is a DNA sequence
that the transcription apparatus recognizes and binds. It
indicates which of the two DNA strands is to be read as the
template and the direction of transcription. The promoter
also determines the transcription start site, the first
nucleotide that will be transcribed into RNA. In most tran-
scription units, the promoter is located next to the tran-
scription start site but is not, tself, transcribed.

“The second critical region of the transcription unit is

YD OO - §F

—75 would be 75 nucleotides upstream of the start site.

Concepts’

A transcription unit is a piece of DNA that
encodes an RNA molecule and the sequences
necessary for its proper transcription. Each
transcription unit includes a promoter, an
RNA-coding region, and a terminator.

The Substrate for Transcription

RNA is synthesized from ribonucleoside triphosphos-
phates (rNTPs) (¢FIGURE 13.8). In synthesis, nucleotides
are added one at a time to the 3'-OH group of the growing
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Figure 6.28 A ribosomal rRNA transcription unit from Bacteria and
its subsequent processing. In Bacteria all rRNA transcription units have
the genes in the order 168 rRNA, 235 rRNA, and 55 rRNA (shown
approximately to scale). Note that in this particular transcription unit the
spacer between the 165 and 235 rRNA genes contains a tRNA gene.

In other transcription units this region may contain more than one tRNA
gene. Often one or more tRNA genes also follow the 58 rRNA gene and
are cotranscribed. Escherichia coli contains seven rRNA transcription

units.
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Chapter 13
Promoter. Nontemplate
B N strand
ONAS, T TTGACAT o TATAAT i
O |
ey - L Template
‘consensus consensus Transcription strand €131 In bacterial promoters,
sequence sequence start site e e e
approximately at positions
RNA transcript 5° (1 210 and ~35.

Different genes are transcribed with different frequencies,
and promoter binding is primarily responsible for deter-
‘mining the frequency of transcription for a particular gene.
Promoters also have different affinities for RNA  poly-
‘merase. Even within a single promoter, the affinity can vary
over time, depending on its interaction with RNA poly-
‘merase and a number of other factors.

Bacterial promoters Essential information for the tran-
scription unit—where it will start transcribing, which
strand is to be read, and in what direction the RNA poly-
‘merase will move—is imbedded in the nucleotide sequence
of the promoter. Promoters are sequences in the DNA that
are recognized by the transcription apparatus and are
required for transcription to take place. In bacterial cels,

nramatare ars nenally adiacant tn an RNA rading comancs

‘means that the third nucleotide in the consensus sequence
(v) is usually a pyrimidine, but cither pyrimidine is
cqually likely. Similarly, the fifth nucleotide in the se-
quence (R) is most likely one of the purines, but both are
cqually frequent. In the sixth position (N), no particular
base is more common than any other. The presence of
consensus in a set of nucleotides usually implies that the
Sequence is associated with an important function.
Consensus exists in a sequence because natural selection
has favored a restricted set of nucleotides in that position.

The most commonly encountered consensus sc-
quence, found in almost all bacterial promoters, is located
just upstream of the start site, centered on position —10.
Called the ~10 consensus sequence or, sometimes, the
Pribnow box, its sequence is
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The cxamination of many promoters in E. coli and other
bacteria reveals a general feature: although most of the
nucleotides within the promoters vary in sequence, short
stretches of nucleotides are common to many. Furthermore,
the spacing and location of these nucleotides relative to the
transcription start site are similar in most promoters. These

5" TATAAT 3'
3' ATATTA 5

often written simply as TATAAT (¢ FiGure 13.11).
Remember that TATAAT is just the consensus sequence—
representing the most commonly encountered nucleotides
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short stretches of common nucleotides are called consensus  at each of these positions. In most prokaryotic promoters,
sequences. the actual sequence is not TATAAT (€ FIGURE 13.12).

The term “consensus sequence” refers o sequences Another consensus sequence common o most bacier-
{ha posses considerable similaity or consensus. By defie sl promoters is TTGACA, which lies approximtcly 35 CIEAEs @
ition, the consensus sequence comprises the most com:  nucleotides upstream of the start site and i termed the —35 Convert files to PDF and
monly encountered nuceotids found at a specifc oca-

fion! For example, consider the following nucleotides
found near the transcription start site of four prokaryotic

genes.

5 -AATAAA-3
5 -TTTAAT-
5 -TATTTT-3
—TAAAAT-3'
Consensus sequence = 5' ~TATAAT—

If two bases are equally frequent, they are designated by
listing both bases scparated by a line or a slash, as in 5’
TATA AA/T-3'. Purines can be indicated by the abbre-
viation R, pyrimidines by Y, and any nucleotide by N. For
example, the consensus sequence 5'~T AY A R N A-3"

consensus sequence (sce Figure 13.11). The nucleotides on
cither side of the 10 and —35 consensus sequences and
those between them vary greatly from promoter to pro-
moter, suggesting that they are relatively unimportant in
promoter recognition.

The function of these consensus sequences in bacter-
ial promoters has been studied by inducing mutations at
various positions within the consensus sequences and ob-
Serving the effect of the changes on transcription. The re-
sults of these studies reveal that most base substitutions
within the 10 and —35 consensus sequences reduce the
rate of transcription; these substitutions are termed down
mutations because they slow down the rate of transcrip-
tion. Occasionally, a particular change in a consensus se-
quence increases the rate of transeription; such a chang
called an up mutation.
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Figure 6.26 The interaction of RNA polymerase with ANA polymerase
] the promoter. Shown below the ANA polymerase and DNA (core enzyme)

are six difterent promoter sequences identified in Escherichia
ol a species of Bacteria. The contacts of the RNA poly-

9 merase with the ~35 sequence and the Pribnow box (10
‘sequence) are shown. Transcription begins at a unique base
just downstream from the Pribnow box. Below the actual
‘sequences at the —35 and Pribnow box regions are consen-
sus sequences derived from comparing many promoters.
Note that although sigma recognizes the promoter
‘sequences on the 5' — 3' (dark green) strand of DNA, the
RNA polymerase core enzyme will actually transcribe the light

Transcription

green strand running 3’ —» 5' because core enzyme works | MRNA star
onlyinas’ -3 drection P / ! | N
« PN TG T TGACAATTAATCAT CGAACTAG T TAACTAGTACGCAAG,

[ CTATTCCTGTGGATAACCATGIGTATTAGAGT TAGAAAACA |

Y TGGTTCCAARATCGCCTTTTGCTGTATATACTCACAGCATA |

P T TTTGAGTIGTGTATAACCCCTCATTCTGATOCOCAGOTT |

L T AT TG CATGAACTCGCATGTCTCCATAGAATGCGCGCTACT]

LA TTCTTGACACCTTTTCGGCATCGCCCTAAAATICGGEGTC |
35 sequence Pribnow box

Consensus

Fromoter sequence

very little leeway is allowed in the critical bases that are recog-
6.13 Sigma Factors and Consensus o In . col, mromoters that are e e roco

Sequences sequence are usually more effective in binding RNA polymerase.
Promoters are specific DNA sequences that bind RNA polymer- Such promoters are called strong promoters and are very useful
ase. Figure 6.26 shows the sequence of several promoters from in genetic engineering, as discussed in Chapter 11.

Fscherichia coli. All these seauences are recosnized bv the same.





