Transcription in Prokaryotes
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Figure 6-7. Molecular Biology of the Cell, 4th Edition.



Definitions/Conventions
* Transcription

— Template strand: 3’ towards 5’ (right to
left)

— Non-template strand (coding): 5’ towards 3’
(left to right)

One strand is transcribed into RNA

Template strand Coding strand @
o @( Pl 5 TACGCGGTACGGTCAATGCATCTACCT

Coding strand Template strand
Transcription I_:!NA sequence is complementary to template strand
identical to coding strand

RNA transcript RNA transcript
pit o

' = 5 UACGCGGUACGGUCAAUGCAUCUACCU
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the correct name is non template strand. because in transcription it is not coding for anything. 


Type

rRNA
tRNA
MRNA

RNA content

% at equilibrium  Synthesis capacity
(% of total RNA synthesis)

=)
83 58

14 10
3-5 32
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they are all synthesized by the same rna polymerase. third of the time the polymerase synthesize mrna. because it is not stable it doesn't stay for long time


Transcriptional Unit

=
- P K@] oter Promoters and terminators
. define the unit
— Start site (+1) oo
ymerase
— Terminator

-85 —10—-1%1 +10

Proximal Distal |
I

Upstream Downstream
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transcrriptional unti == the distance b/n where transcription starts and ends. 
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there is no position zero. 
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the region on the dna where rna polymerase binds to initiate transcription.. 


The 4 steps of transcription

Promoter recognitiong
Initiation

Elongation
Termination
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RNA polymerase catalyzes transcription

Template recognition: RNA polymerase binds to
duplex DNA

 BNNLLNN TN

DNA is unwound at promoter

S SIS

Initiation: Very short chains are
synthesized and released

<3

Elongation: Polymerase synthesizes RNA

"7 N7\

Termination: RNA polymerase and
RNA are released

7 NVIANI 7S 7 SVIANVINS

N NS ONSNSN
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when the promotor is bound then there is an opening in the dna helix. rna polymerase has a great affinity for the promotor. it is hard for the polymerase to move down the dna strand due to this affinity. therefor the rna  synthesized are short chains. ( if it is not able to leave the promotor these short chains will be released...gives up and start again.) at some point it will be able to move and make longer chains of rna. until it reaches the terminator. 


RNA polymerase

 Makes phosphodiester bonds



RNA polymerase

* Phosphodiester bond formation

RNA-OH +NMP — RNA-NMP + H,0 AG”’ =@+ 6.0 kcal/mol

H,0 +NTP — NMP+Ppi AG ’=-8.6 kcal/mol

RNA-OH +NTP — RNA-NMP + Ppi  AG ’=-2.6 kcal/mol
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postive G==not favorable 

-G needed for the rna polymerase to move along the dna during transcription. RNA polymerase doesn't require a primer to synthesize mRNA. 


RNA Polymerase (465 kDa)

a subunits (2X) =

B et B' subunits Catalytic center
w subunit

The above subunits constitute the Core Enzyme

o (sigma) subunit Promoter recognition
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in prokaryotes there is only one kind of RNA polymerase. 
the core enzyme == ( 2 molecules of alpha, beta and beta' and omega.) if the sigma is added then we get the whole enzyme. we need this whole enzyme to recognize the promoter.  


Sigma modifies the DNA affinity
of the core enzyme

Sigma factor controls specificity
Core enzyme binds to any DNA @

e “ama

Sigma destabilizes binding

YZANVZ NI\

Sigma ‘

&

G L ON N L L AN N

4

Holoenzyme binds to promoter

e
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sigma allows the polymerase to recognize the promoter. the core enzyme has a certain affinity to dna (the same affinity for sequences that are promoter or not). when sigma is added to the core it then increases its affinity for sequences that are promoters and decreases it affinity for the once that are not promoters.  
The polymerase is able to move way from the promoter by removing the sigma.


Sigma modifies the DNA affinity of the
core enzyme

* Sigma
—Reduces the affinity of the core

enzyme for sequences that are not
promoters.

—Increases the affinity of the core
enzyme for promoter sequences.




How does RNA polymerase find the
promoter?

Random diffusion to any site is fast

 Different models p ?

INVINVINVZNVI NI 2NN

ADiffusion [

®

NV 2NV 2 NG NV 7 NP7

Exchange with promoter may be fast

Exch&nge

N O A P AT P A T AP AT W

ﬁ@m

Copyright © 2006 Pearson Prentice Hall, Inc


Helina
Sticky Note
Not clear how the polymerase binds to the promoter. there are three models that are proposed. 
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it randomly attaches it self along the dna. c if it likes the sequence, if not it leaves and bind to another spot. series of binding and unbinding. in this mechanism it takes long for the polymerase to recognize the promoter. 
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the correct one-- the polymerase bind to the dna randomly. it then exchange the 

the third model... polymerase randomly attaches to the dna and scans along until it finds the promoter. doesn't unbind. there is no evidence that this mechanism occurs. 


Transcriptional Unit

— Promoter Promoters and terminators
. define the unit
— Start site (+1) oo
ymerase
— Terminator

-85 —10—-1%1 +10

Proximal Distal |
I

Upstream Downstream
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around -10 there are sequences that looks like TATAAT and at -35 TTGACA. however there is a great variation in the other areas.



Promoter

* TWO consensus sequences

TTGACA---=-m=-mnmmemneceneenee TATAAT------------ +1
(-35) 16-19 bp (-10) 5-9pb

« Structural changes
 Activators and repressors



consensus Sequence

[
T80A95T45A60A5OT96
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the consensus is not perfect. it is not 100%. therefore 80% of the time the first base is T.... the sequence is similar to TATAAT but not 100% times. there are going to be six letters all the time. this is the best -10 sequence. therefor if there is TATAAT, then the polymerase will like it and binds. 
however if there is small variation, the polymerase will like it less and binds to it weakly. therefor there are strong and weak promoter regions. there is major change if the base at the end (T) is changed than the once in between. 


Mutations In promoters

* “down” mutation:
— Decreases transcription efficiency.

— The sequence is further away (differs
more) from the consensus sequences.

* “up” mutation (not as frequent)
— Increases transcription efficiency

— The sequence is closer to (resembles more
closely) the consensus sequence.



Different sigma factors

(&)
Factor Sequence —35 Sequence -10 Used for
c'C TTGACA TATAAT general
632 CCCTTGAA CCCGATNT heath shock
6t ? ? heath shock
¢>* CTGGNA TTGCA nitrogen metabolism
s CTAAA GCCCGATAA flagellae
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there are different sigma factors and each of them recognition different core sequences.
sequences are used by the promoter for different cellular activities
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DNA winding and unwinding

- Supercoiling.



(A) DNA with free end (B) DNA with fixed ends

N ONVNVNONTNVNONONT ANVNZNVNONTN VNN ONON S
unwind 10 DNA base pairs unwind 10 DNA base pairs
(one helical turn) (one helical turn)

no\\o\\m\mo\\//\'@w\' NS \g\\m

DNA helix must rotate one turn DNA helix forms one supercoil

(C) rotein molecule
DNA P

AN ONVNINZNZNZ NN ? SONANZNZN VNN TN NN ANZN VANV

OOCQ "CQ
E

= ) ,c/ ZABRY
ATA N ATy
zl'\l.'\@’:‘j Zl'\l'\,@;) 1\3‘_'09& Zl\l &
NEGATIVE SUPERCOILING POSITIVE SUPERCOILING
helix opening facilitated helix opening hindered

Figure 6-20. Molecular Biology of the Cell, 4th Edition.
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if the dna passes on top then it is postive. otherwise it is negative
rna polymerase creates supercoil that is postive in in front and negative at the back. the dna molecule is negatively supercoil in nature. this facilitates the movement of the rna polymerase. 


Transcription changes DNA structure

(Negative supercoils) Transcribing Overwound
DNA (positive
» supercoils)
SINON AN
TdDbisomerase Gyrase
relaxes negative ‘ introduces negative
supercoils supercoils

WAL NV NV NV NV N NN
Duplex DNA (10.4 bp/turn)
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after the polymerase passes then the topisomerase will introduce more negative supercoil but at the ed where there are more negative supercoil it will introduce postive supercoil.


DNA winding and unwinding

 DNA gyrase introduces negative
supercolling.

* Topoisomerase 1 decreases negative
supercolling.



Transcription Termination

Bacterial termination occurs at a discrete site

All sequences required
for termination are
in transcribed region
< >

Hairpin in RNA

gl
/ \/\/\/\/ may be required

g

RNA polymerase and RNA are released

\/\

PNINIS \PP
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termination in prokaryotes is better understood than eukaryotes. we know what terminators sequence are in prokaryotes. there are two kinds of terminators in prokaryotes


An intrinsic terminator has two features

Transcription
Termination

e |Intrinsic terminator

=]

C 6 , .y
cle « G-C-rich region in stem

uuuu «Single-stranded U-run
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it is part of the rna molecule. it is a GC rich region and has a hairpin structure. the information that causes the termination  is within the 


Transcription Termination

* Rho-dependent terminators
— Rho: 46 kDa proteins that forms hexamers.

— Termination sequence (for Rho binding):
50 to 90 nt.

— Has ATPase activity and helicase activity
that separates the RNA-DNA hybrid.



Rho terminates transcription
RNA polymerase transcribes DNA

4

Rho attaches to rut site on RNA

/\,@ ‘

Rho polymerase pauses at hairpin and
rho catches up

>

ALY

J

Rho translocates along RNA

i

NG
AN ‘
Rho unwinds DNA-RNA hybrid

il
i ‘

Termination: all components released

NN N
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rho is a protien and it has a helicase activity. once rna is synthesized, the rho sees it and binds to it. it then chases the polymerase. once it reaches the polymerase due to its helicase activity it melts the binding of the polymerase to the dna 


Transcription Termination

 Anti-termination

Termination of transcript can be regulated

TERMINATION Only region 1 is transcribed
Promotor Terminator

"'A‘v’A.\'IA‘v’\\ l“v"‘v’A‘le\le\.

| 4

///////

AnANANY

RNA is region 1 only = FILE pelyniomss

terminates

ANTITERMINATION Both regions 1 and 2 are transcribed

» D @

—
RGN LA N "5“ N\ A\N\S A

RNA represents regions
RNA polymerase continues %2
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at times the polymerase will ignore the terminator and continues to synthesis longer rna. 
polysysthernoic== codes for more than one protein. by terminating or not == deciding whether to make the second protein or not.


Antitermination extends the transcription unit
RNA polymerase transcribes from promoter to terminator

Promotor *

Terminator

4

v
i NN

Antitermination protein enables RNA polymerase to pass terminator

> > >

V7N OT TN /‘ Vi

.

Antitermination protein ‘
/ Y ab

RNA /NN \/\/\/\/\/\/ Y

Antitermination proteins act on specific terminators

Transcription Antitermination
unit Promotor Terminator protein
Immediate early P, t pN

Immediate early  Pg; tr1 pN

Late Pg: tg pQ
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interaction of the polymerase with different proteins that enables it to ignore the termination sequence. 




