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=By the fall of 1953, the working hypothesis was adopted
that the chromosomal DNA functions as template for RNA
molecule .

= he RNA molecule subsequently moves to the cytoplasm,

where they determine the arrangement of amino acid
within the proteins.

In 1956, F. Crick referred to this pathway as central dogma .
This pathway is :
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Duplication DNA——TFP" 5 RNA — == 5 protein
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TRANSCRIPTION

It s the synthesis of an RNA molecule from a DNA template.
All cellular RNAs are synthesized from the DNA templates
through this process.

DINA regions that can be transcribed into RNA are called
stnuctural genes

The template strand is the strand from which the RNA is
actually transcnibed. It is also termed as antisense strand.

The coding strand is the also called as sense strand.

Only the template strand is used for the transcription, but the

coding strand 1s not

uui:- a small pOrion ol DNA 1s transcribed in response to the
development requirement, physiological need and
environmental changes.
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Similarity between
replication and transcription

Both processes use DNA as the template.

Phosphodiester bonds are formed in both
cases.

Both synthesis directions are from 5" to 3".
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Differences between
replication and transcription

Replication Transcription

double strands single strand
dNTP NTP
yes no
DNA polymerase RNA polymerase
dsDNA ssRNA
A-T, G-C A-U, G-C

nnnnnnnnnnnnnnnnnnnnn



= An enzyvme that catalyzes RINA synthesis

l" It does not need a primer, rather it can initiate transcription de
novyo

*It performs the same reaction n all cells, from bactena to
humans.

= Bacteria have only a single RNA polymerase.

I : , '
* Eukaryotes have 3 RNA polymerases i.e. RNA Pol 1, 11 & 1

» Pol 11 is the most studied of these enzymes, and 15 responsible

‘ {0 I].‘ulwnhlllg all protemn-encoding genes

= Pol 1 & Pol 11l are responsible for ranscrnibmg specialized, Rna
encoding genes

*The shape of RNA Polymerase resembles a crab claw,
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Transcription by RNA Polymerase proceeds through a
series of well-deflined steps which are grouped into 3
phases :

= Initiation

* Elongation &

« Termination
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SCRIPTION
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Transcription 1n eukaryoles 1s undertaken by diflerent RNA
poly merases

Fukaryotes have 3 polymerases

Several inmtation factors are required for ellicient &
promoter-specilic mtiation 1n eukaryoltes, and are called as
general transcnption factors (GTFs)

In vitro, the GI1Fs 15 required, togethes

initiate transcription on a DNA template

Sometimes the OlEs are not suthcient to promote

signmificant expression. Rather, the additional lactors are
required such as mediator complex, DNA binding

regulatory proteins and chromatin modifying enzymes.
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CORE PROMOTER :

It reters 1o the munimal set of SC(UENC cleme
accurate transcription tmitiation by Pol 11
A core promoler 18

unsiream or downstream ol the transci PIon sian sie.

Relative to the transcription start site, there |

found in Pol 1l core promaotel
These are the TFIIB recogmition element (BRE), the
clement. the mmuator (Inr) & the downstream

¢lements (DPE)

['IIII]-- LET 1IN ]Ic-! |'-r'||.-. or Aol gse 4 lements
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Ihe GiFs help polymerase bind to the promoter and melt |
DMNA
I he con ':',"|_ e sel ol GIFs & |‘l'l|':-. merase bound

F-IHI wler and o sed 108 minaion. I1s o dled as |"E|._'-J[3:H.ﬁln'|||

complex |

Many Pol 11 promoters contains TATA elements, where pre
initiation complex lormation begins

The TATA elements recognized by GTFs called TFIID,

Lhe components of THHD that binds o th

sequence is called TBP

other subunmt s TAFsS that control the DN A binding act
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The resuluing TBP-DNA complex provide a plattorm for
attachment ol other G lbs & polymernuse.

| he tactors TFIA & THFIHB bind to this complex.

Alter that TEIUF wogether with polymerase also bind to the
complex

Al last, the two factors TFIHE & TFIHH bind to upstream of Pol.
Il resulting in the [ormaton ol pre-initaton complex
Formaton of ths complex contaming these all components 1s
lollowed by promoter melting

Promoter melting in eukaryotes requires hydrolysis of ATP and
15 mediated by TFITH.

The large subunit of Pol. Il has a C-terminal domain (CTD),
which extends as a “tail’

I'he CTD contains a series of repeats of heplapepude sequence:
Iyr-Ser-Pro-Thr-Ser-Pro-Ser
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ELONGATION

Unce polymerase has imbated transcription, it shafts mto the
elonganion phase

longation requires another set ol factors, such as 1FHS &
hSPTS., known as elongation factors

his factors sumulate elongation and also required for RI
Processing.

Fhese Tactors also favor the phosphorviated form of CID, The
phosphorylation of CTD leads to an exchange of mnitiation
factors with elongation factors

various proteins are thought to stimulate elongation by Pol 1]

[he protemn P-TEFD stumulates elongation in 3 separate steps,

This protein bound to Pol 11 and phosphorylates the serine

resicue at position 2 of the C1D repeats
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* Thas P-TEFDb also activates another protein, called hSPT3

which 1s an elongation factor

At last, this P-TEFb activates one another elongation factor
I_'.{llL'ki T\T I""ii] !
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POLYADENYLATION &
TERMINATION

Unce the elonganon 18 completed, 11 proceads through the RINA

processing events Le. polvadenylation and termination.

= 1.

Polyvadenvlatnon occurs at the ¥ end of the mRNA which 1s linked
with the termination of transcription

Ihe polymerase CTD til 18 involved in recruiting the enzymes
pecessary for polyadenylation

Two protein complexes are camed by the CTD of polymerase called,
CPSL (cleavage & polyadenylation specihicity factor) & Csd
(cleavage simulation factor)

Lhe sequences which one transcribed into KNA, imgger transier ol
these [nctors o the RNA | are called poly-A signals

Once CPSF & CstF bound to the RNA, it results in RNA cleavage
and then polyadenylation.
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Alter cleay itile of RNA, ["H'I|'_'~;Lllt‘il}].ilhlli 1s mediated |""j-. dl
enzyme called poly-A polymerase (PAP) lollowed by the
addition of poly-A binding protein.

This protein along with the enzyme uses ATP as precursor

and adds the nucleotides, Lusing the same L‘|]L'|I!i-t!}' as RNA
polymerase.

Before termination, the RNA molecule become very long
due to addition of several nucleotides

Ihe polymerase along with CPSEF & PAP then dissociates
from the template, releasing the new RNA. which 18
degraded without ever leaving the nucleus.

[his mvolves the termination of RNA, nve. the mature
mRENA 1s released from polymerase and then transported
from the nucleus.
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POLYADENYLATION & TERMINATHN
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RNA POLYMERASE |

Ihis enzyme 15 related to Pol. Il, but they mmmate

transcription from distinct promoters and transcnbed distinct ‘

genes

Pol | 1s |n."14||'.!..‘1[ tor the CXpression of only one gene that
encoding the rRNA precursor.

The promotor of rRNA genes comprises 2 parts : core |
clements & UCE (upstream control element)

In addition to Pol. I, mmitiation requires two other factors,
called SL.1 & UBF

SL.1 comprnises TBP & three TAFs specilic for transcription.
These Lnllt'l]'rh“'n. bound to the UCE in the Presence ol UBF

and stimulates transcription fromcore promoler by recruiling
Pol. 1.
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IRANSCRIPTION INTTIATION BY RNA POLYMERASE |
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P HANSCHRIFIION INITIATION BY RNA POLY VMIERASE 1
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