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Definitions/Conventions 
• Transcription 

– Template strand:   3’ towards 5’ (right to 

left) 

– Non-template strand (coding): 5’ towards 3’ 

(left to right) 

Helina
Sticky Note
the correct name is non template strand. because in transcription it is not coding for anything. 



                                      RNA content 

  

Type  % at equilibrium Synthesis capacity 

               (% of total RNA synthesis) 

  

rRNA         83    58 

tRNA         14    10 

mRNA                  3-5    32 

 

Helina
Sticky Note
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 

– Promoter 

– Start site (+1) 

– Terminator 

 

 

Helina
Sticky Note
transcrriptional unti == the distance b/n where transcription starts and ends. 

Helina
Sticky Note
there is no position zero. 

Helina
Sticky Note
the region on the dna where rna polymerase binds to initiate transcription.. 



The 4 steps of transcription 

• Promoter recognition 

• Initiation 

• Elongation 

• Termination 

Helina
Sticky Note



Helina
Sticky Note
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 + H20    ΔG
 

’ = + 6.0 kcal/mol 

                 H20    + NTP  → NMP +Ppi    ΔG

 

’ = -8.6 kcal/mol 

_____________________________________________________ 

RNA-OH +NTP  → RNA-NMP + Ppi     ΔG

 

’ = -2.6 kcal/mol 

 

Helina
Sticky Note
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) 

α subunits (2X) 

β et β’ subunits  Catalytic center 

ω subunit 

The above subunits constitute the Core Enzyme 

 

σ (sigma) subunit  Promoter recognition 

 

Helina
Sticky Note
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  

Helina
Sticky Note
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 

– Reduces the affinity of the core 

enzyme for sequences that are not 

promoters. 

– Increases the affinity of the core 

enzyme for promoter sequences. 

Sigma modifies the DNA affinity of the 

core enzyme  



How does RNA polymerase find the 

promoter? 

• Different models  

 

    Diffusion 

 

 

              

              Exchange 

Helina
Sticky Note
Not clear how the polymerase binds to the promoter. there are three models that are proposed. 


Helina
Sticky Note
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. 

Helina
Sticky Note
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 

– Start site (+1) 

– Terminator 

 

 

Helina
Sticky Note
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 

 

 

 

• Structural changes 

• Activators and repressors 

TTGACA------------------------TATAAT------------ +1     

 (-35)           16-19 bp                (-10)      5-9 pb 

 



Consensus Sequence 

T80A95T45A60A50T96 

Helina
Sticky Note
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 

___________________________________________________________ 

σ70      TTGACA    TATAAT  general 

σ32    CCCTTGAA  CCCGATNT           heath shock 

σE         ?   ?            heath shock 

σ54        CTGGNA  TTGCA               nitrogen metabolism 

σ28     CTAAA  GCCCGATAA  flagellae 

 

Helina
Highlight

Helina
Sticky Note
there are different sigma factors and each of them recognition different core sequences.
sequences are used by the promoter for different cellular activities

Helina
Highlight

Helina
Highlight

Helina
Highlight



DNA winding and unwinding 

- Supercoiling. 



Helina
Sticky Note
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. 



Helina
Sticky Note
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 

supercoiling.   

• Topoisomerase 1 decreases negative 

supercoiling. 



Transcription Termination 

Helina
Sticky Note
termination in prokaryotes is better understood than eukaryotes. we know what terminators sequence are in prokaryotes. there are two kinds of terminators in prokaryotes



Transcription  

Termination 

• Intrinsic terminator 

Helina
Sticky Note
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.   



Helina
Sticky Note
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 

Helina
Sticky Note
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.



Helina
Sticky Note
interaction of the polymerase with different proteins that enables it to ignore the termination sequence. 




