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Types of  RNA polymerase

In case of eukaryotes, there are five types of RNA polymerase,
RNA polymerase I through V. RNA polymerases I, II and III are
found in all eukaryotes, while Pol. IV and V are exclusively
found in plants. RNA Pol. I synthesizes 28S, 18S and 5.8S
rRNAs; RNA pol. II synthesizes mRNA, and U1, U2, U4, U5
snRNAs; RNA pol. III synthesizes 5S rRNA, tRNA and U6 snRNA.
RNA Pol. IV and V synthesize siRNAs. Among five RNA
polymerases, only Pol. I is found in nucleolus, while others are
found in nucleoplasm.



Structure of RNA polymerases

All three RNA polymerases are large, multisubunit protein
complexes that differ in subunit composition/number, but
have some subunits in common. All three polymerases have
two largest subunits having sequence similarity to bacterial β
and β’, indicating that the fundamental catalytic site of all
polymerases is conserved among all species ranging from
bacteria to humans. In addition, all three polymerases require
several initiation factors like that of bacterial RNA polymerase
that needs σ-factor. The only difference is bacterial RNA pol.
needs only one σ-factor, while each eukaryotic RNA pol. needs
several initiation factors.



RNA polymerase II has 12 subunits, 1 through 12. Two largest
subunits are RBP1 and RBP2 that show a high degree of
structural homology to bacterial β and β’. Two other subunits
RBP3 and RBP11 show some structural similarity to two
bacterial α-subunits. The largest subunit (RBP1) has a long C-
terminal tail that consists of many repeats of a consensus
amino acid sequence (YSPTSPS). There are 27 repeats (18
exactly matching the consensus) in yeast enzyme and 52 (21
exact) in mouse and human enzymes.

RNA Polymerase II



TATA-box (TATAAA) at -26 to -31, BRE (G/C G/C G/A CGCCC) at -32 to -
37, Inr element (C/T C/T A N T/A C/T C/T) at -2 to +4, DCEI (CTTC) at +6
to +11, DCEII(CTGT) at +16 to +21, DCEIII (AGC) at +30 to +34 and DPE
(A/G G A/T C G T G). Typically, a promoter includes some subset of these
elements. Thus, a promoter have either TATA-box or DPE element, not
both. Often, a TATA-containing promoter also contains a DCE. The Inr is
the most common element, found in combination with both TATA and
DPEs. All of the above elements are called core promoter elements. A
core promoter refers to the minimal set of sequence element required
for accurate transcription initiation by the Pol II machinery, as measured
in vitro. A core promoter is typically ~ 40-60 nucleotides long, extending
either upstream or downstream from the transcription start site.
Upstream of the core core promoter, there are regulatory sequence
elements like promoter proximal element, upstream activator
sequences (UASs), enhancers, silencers and insulators. The function of
these regulatory elements is to bind regulatory proteins like activators,
repressors etc and either activate or inhibit transcription.

Promoter  elements





RNA Pol II requires a number of nuclear proteins called general
transcription factors (GTFs) for basal transcription initiation.
The GTFs are functionally equivalent to bacterial σ-factor. The
GTFs are TFIID, TFIIA, TFIIB, TFIIF, TFIIE and TFIIH. TFIID with the
help of TFIIA binds to the TATA-box, TFIIB binds to TFIIA and
recruits TFIIF-RNA Pol II complex, TFIIF helps RNA Pol II to bind
to specific (promoter) DNA sequence, TFIIE recruits TFIIH and
regulates its activities, TFIIH has helicase activity, promoter
clearance activity (through phosphorylation of CTD of Pol II)
and repair activity (recruits NER proteins).

General transcription factors



The formation of closed complex begins with the binding of TFIID
to the promoter. TFIID is a complex of TATA-box binding protein
(TBP) and 13 core TBP-associated factors (TAFs). The TBP binds
specifically to the TATA-element of the promoter, while TAFs
recognize other core promoter elements like Int, DPE and DCE.
After binding of TFIID, other transcription factors are sequentially
bind to the promoter with TFIIH is the last TF that binds. The
TFIIH has helicase activity that promoters unwinding of the DNA
near transcription start site, thereby creating an open complex.
The TFIIH requires energy from ATP-hydrolysis to create open
complex, unique from bacterial open complex formation that
does not require such energy. The complete set of GTFs and
polymerase, bound together at promoter and poised for initiation
is called the preinitiation complex.

Initiation





Elongation

Immediately after a period of abortive initiation and synthesis of a
series of short transcripts, the RNA Pol escape the promoter and
enters elongation phase. The promoter escape involves two steps
not seen in bacteria: one is ATP hydrolysis and another is
phosphorylation of CTD of RNA Pol II by the kinase activity of
TFIIH. The transition from initiation to elongation involves
shedding of GTFs and binding of another set of TFs called
elongation factors. Among these factors, ELL and p-TEFb stimulate
elongation, while TFIIS stimulates elongation as well as
proofreading.



Dismantling of  Histone
octamer structure 

During elongation, RNA Pol. faces a potential
barrier due to the presence of histones that
impedes the elongation process. A factor called
FACT (facilitates chromatin transcription) dismantle
the histone octameric core by removing one
H2A.H2B dimer ahead the elongating polymerase,
thus making the way smooth for the enzyme to
move forward.





Recruitment of RNA processing  
protein complexes

The phosphorylation of CTD of Pol II by TFIIH also
stimulates recruitment of different proteins like 5’-
capping proteins, 3’-polyadenylating proteins that are
involved in processing of pre-mRNA to produce
mature mRNA. Thus, in eukaryotes, elongation and
processing are tightly coupled to each other.





Torpedo model of termination

The termination of transcription by RNA Pol II is not happened at
a specific sequence. Instead, RNA Pol II often continues to
synthesize RNA hundreds or even thousands of nucleotides past
the coding sequence necessary to produce the pre-mRNA. When
RNA Pol transcribes the template DNA downstream the poly-(A)
site, the poly(A) site is attacked by an RNase (Rat1 in yeast and
Xrn2 in humans) that degrades RNA in 5’ to 3’ direction until it
catches up to still-transcribing polymerase from which the RNA is
being spewed. The RNase either pushes RNA Pol forward and/or
pulls the remains of the nascent RNA transcript from the enzyme,
thus terminating transcription. This model is known as the
torpedo model of termination.



Allosteric model of termination

There is another alternative model called allosteric model that
states termination in transcription occurs through a
conformational change in elongating polymerase. According to
this model, immediately after transcribing poly(A) tail, RNA
polymerase becomes less processive that leads to spontaneous
termination soon afterward.
After termination, RNA polymerase is dephosphorylated,
released and recycled to initiate another round of transcription.




