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RNA polymerase
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- α1, α2
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- σ 
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Transcription

● Initiation

● Elongation

● Termination
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Transcription

https://www.slideshare.net/kindarspirit/17-from-gene-to-protein-22899119



 Sigma 70 (σ70) subunit 



 Sigma70: Regions
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 σ70 Subunit: 1.2 - 2.1 nonconserved Loop
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 σ70 Subunit: Subregions
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 σ70 Subunit: Flexible Linkers
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 σ70 Subunit: Conserved regions

σ 1 
12 acidic residues 
0 basic residues

σ2
12 acidic residues 
15 basic residues

σ3 
14 acidic residues 
8 basic residues

σ4
7 acidic residues 
13 basic residues



 σ70 Subunit: region 1 and 2 non-conserved loop

σ1.1 σ1.2



 σ70 Subunit: region 2

σ2.4 σ2.2

σ2.3σ2.1



 σ70 Subunit: region 2 - folding residues
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 σ70 Subunit: 2.4-3.o linker
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 σ70 Subunit: region 3
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 σ70 Subunit: region 3

σ3.1
σ3.0

Hydrophobic 
face



 σ70 Subunit: region 3.2 - flexible linker



 σ70 Subunit: region 4
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 σ70 Subunit: region 4.2

DNA binding side

DNA binding side

Hydrophobic 
face



 σ70 Subunit: core RNP binding



Transcription: Promoters recognition

Saecker, R. and Record, M. (2011). Journal of Molecular Biology. pp.754-771.



 σ70 Subunit: DNA BINDING 

● Sigma binds DNA by to specific 
domains:  σ2 and σ4 

○ - 10 element → σ2

○ -35 element → σ4



 σ70 Subunit: DNA BINDING 

● Sigma binds DNA by to specific 
domains:  σ2, σ4 and σ3 

○ - 10 element → σ2

○ -35 element → σ4

○ -10 extended → σ3



σ70 Subunit:  -10 element recognition



 σ70 Subunit: -10 extended recognition



 σ70 Subunit: -35 recognition

Campbell, E., Muzzin, O., Chlenov, M., Sun, J., Olson, C., Weinman, O., 
Trester-Zedlitz, M. and Darst, S. (2002). Structure of the Bacterial RNA 
Polymerase Promoter Specificity σ Subunit. Molecular Cell, 9(3), 
pp.527-539.



Alpha subunit
C-terminal domain (CTD)

N-terminal domain (NTD)



Alpha subunit

1. Initiates RNAP assembly

2. Participates in promoter recognition

-Non-sequence-non-specific interactions with most promotrers

-Sequence-specific interactions with UP element containing promoters

3.     Target of a set of transcription regulator proteins

Functions



Alpha subunit: linker
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Alpha subunit: N-terminal domain



Alpha subunit: N-terminal domain

http://www.mdpi.com/2218-273X/5/2/848/htm



S2 H1

H3

Coiled-coil interaction

Alpha-alpha interaction

H31

H32
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Alpha subunit: N-terminal domain



Alpha-beta interaction

45 80



Alpha-beta interaction



Alpha-beta’ interaction

80 175 210



Alpha-beta’ interaction



C-terminal domain (CTD)

Alpha subunit: C-terminal domain



Helix 1 and 2 Helix 3 and 4

Nonstandar helix



(Helix-hairpin-Helix)2 domain

Alpha subunit: C-terminal domain



Alpha subunit: Nonstandar helix
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Alpha subunit: Promoter recognition



Alpha subunit: Promoter recognition









N-terminal 
domain

C-terminal 
domain

Alpha subunit: interaction with CAP

Catabolite Activator Protein (CAP)



Alpha subunit: interaction with CAP

CAP determinants

Activation Region 1 (AR1)
Residues 156-164



287

265

261

Alpha subunit: interaction with CAP

Alpha determinants 



265 determinant

287 determinant



261 determinant



Class I CAP-dependent promoter

Alpha subunit: interaction with CAP



ß and ß’ subunits: structures and functionality

● Jaw
● Clamp
● The Fork-loop 2 (FL2)
● The catalytic center
● Access to the catalytic center: RNA 

polymerase channels and regions
● The lid and the rudder



The Jaw

Template DNA

Non-template DNA

Jaw
(ß’Pro1150-ß’Asp1208)



The Clamp
ß Clamp

ß’ Clamp

DISTANCES:  ßLeu481---(39.427A)---ß’Ala286---(35.720A)---ßPro375



The Clamp
ß Clamp

ß’ Clamp

Template
DNA

Non-
template

DNA

DISTANCES:  ßLeu481---(37.989A)---ß’Ala286---(30.012A)---ßPro375



The Fork-loop 2 (FL2)

Template DNA

Non-template DNA

Fork-loop 2
(Last 11 residues of ßa7 region,
the connecting region between
ßa7 and ßa8 and the first 3 residues
of ßa8)



The Fork-loop 2 (FL2)

Template DNA

Non-template DNA

Fork-loop 2
(Last 11 residues of ßa7 region,
the connecting region between
ßa7 and ßa8 and the first 3 residues
of ßa8)

Naji, Souad, et al. "Structure–function 
analysis of the RNA polymerase cleft 
loops elucidates initial transcription, 
DNA unwinding and RNA 
displacement." Nucleic acids research 
36.2 (2007): 676-687.



The catalytic center



The catalytic center: ßa10 region

ßGln688

ßGln688 N………...OP RNA (-3)    -   2,966A



The catalytic center: ßa11 and ßa14 regions
ßAsp814 ßArg1106

ßLys1065 and ßLys1073

ßAsp814 O………...NH2 ß1106    -   3,394A
ßLys1065 N………...OP RNA (-1)    -   2,236A
ßLys1073 N………...O1’ RNA (-2)    -   2,600A



The catalytic center: ß’a11 region (Sw2) 

ß’Lys334, ß’Arg339 and ß’Arg346

ß’Lys334 N………...OP2’ tDNA (+1)    -   2,665A
ß’Lys334 N………...OP1’ tDNA (-1)    -   3,240A
ß’Arg339 N………...OP1’ tDNA (+2)    -   3,461A



The catalytic center: ß’a12 region (ß’-NADFDGD motif) 

HYDROGEN BONDS:
ß’Asp462 O2’………...O3’ RNA (-1)    -   3,071A
ß’Asp464 O1’………...O3’ RNA (-1)    -   2,959A
ß’Asp464 O1’………...O2’ RNA (-1)    -   2,274A

ELECTROSTATIC INTERACTIONS:
[Mg]………...O3’ RNA (-1)    -   2,088A
ß’Asp460 O1’…………[Mg]    -   2,158A
ß’Asp460 O2’…………[Mg]    -   2,772A
ß’Asp462 O1’…………[Mg]    -   2,961A
ß’Asp462 O2’…………[Mg]    -   2,159A



Access to the catalytic center: RNA polymerase structural 
channels and regions

● Secondary channel
● RNA exit channel
● Switch 3



RNAP structural channels: Secondary channel

● Direct path for the 
nucleotide substrate

● Exit for the RNA transcript 
during backtracking

● Direct access to the RNAP 
active center for extrinsic 
factors



RNAP structural channels: Secondary-channel rim helices

● ß’a13 region (C-terminal 
helix) and ß’a14 (N-terminal 
helix)

● ß’Ile646-ß’aThr703
● Binding of Gre-factors 

which may regulate the 
transcription



RNAP structural channels: RNA exit channel

ßa15 region: ßGly1249-ßLeu1259



RNAP structural channels: Switch 3

ßa15 region: ßGly1260-ßGly1267



RNAP structural channels: Switch 3

ßa15 region: ßGly1260-ßGly1267



The lid and the rudder

RNA exit channel

Catalytic center

RNA transcript

Template DNA

Non-template DNA

LID

RUDDER



The lid

ß’a8 (C-terminal) and ß’a9 (N-terminal) 
regions: ß’Arg250-ßLys265



The rudder

Lid

Rudder
(situated between ß’a10
and ß’a11 regions)



The lid and the rudder
Toulokhonov, Innokenti, and 
Robert Landick. "The role of the 
lid element in transcription by E. 
coli RNA polymerase." Journal of 
molecular biology 361.4 (2006): 
644-658.

Non-essential role of the lid 
in elongatoin



Conclusions

● Regions and residues responsible for the specific binding of RNA polymerase to DNA have 

been proven to be highly conserved among prokaryotic and non prokaryotic species.

● It has been proven that both Sigma and Alpha subunits are responsible for the binding of 

RNAP to promoter regions of the DNA. Therefore, allowing promoter dependent 

transcription.

● ß and ß’ subunits play the most important role in the catalytic activity of RNA polymerase.

● Both Mg+ element  and its interactions with ß’-NADFDGD motif are responsible for the 

assembly of RNA transcript to the polymerase. 
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❖ Which is the largest subunit of RNAP?
a. Alpha
b. Beta
c. Beta’
d. Sigma
e. b and c

❖ Which subunits comprises the catalytic core of RNAP?
a. Alpha(2), Beta, Beta’, Omega
b. Alpha(2), Beta, Beta, Sigma
c. Beta, Beta’, Sigma, Omega
d. Alpha(2), Beta, Beta’
e. Alpha(2), Beta, Sigma

❖ Which type of interaction does alpha subunit with DNA?
a. Non-specific interactions with UP-element DNA
b. Non-specific interactions with non-UP-element DNA
c. Sequence-specific interactions with UP-element DNA
d. Sequence-specific interactions with non-UP-element DNA
e. b and c

Questions



❖ Which structure separates the template DNA and the non-template DNA?
a. The lid
b. The rudder
c. The RNA exit channel
d. The fork-loop 2 (FL2)
e. The clamp

❖ Which structure “pinchs” the DNA strand ?
a. The rudder
b. The RNA exit channel
c. The clamp
d. The lid
e. Any subunit does it, the DNA is free in the RNA polymerase

❖ Trough which structure does usually the RNA transcript leave the RNA polymerase?
a. The secondary channel
b. The RNA exit channel
c. The main channel
d. The jaw
e. The clamp

Questions



❖ Which are the DNA-binding functions related to Sigma?
a. -10 element recognition
b. -10 element meltinng
c. -35 element recognition
d. -10 element recognition and melting
e. All options are correct

❖ Which is the most conserved region of Sigma subunit ?
a. 1
b. 2
c. 3
d. 4
e. 2 and 4 are equally conserved

❖ Select the wrong afirmation about Sigma2:
a. It is highly conserved
b. It is responisble for -35 element recognition
c. It is responsible for the -10 element recognition
d. It includes subregion 1.2
e. It takes part in the core binding

Questions



❖ Which of these is not a main characteristic of Sigma70?
a. It is a primary factor of sigma family
b. All of its regions are conserved
c. It recognizes DNA binding promoters
d. It is not the only protein of sigma family
e. It’s recondary structure is almost entirely helical

Questions
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