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Transcription in Eukaryotes

1. It has been experimentally shown that a DNA molecule

complexed with the appropriate factors is used repeatedly

for RNA synthesis, whereas a second DNA molecule that is

otherwise identical is ignored.

2. Any protein that is needed for the initiation of

transcription, but which is not itself the part of RNA

polymerase is defined as transcription factor.

3. Many transcription factors act by recognizing cis acting

sites that are classified as comprising parts of promoters

and enhancers.

4. A factor may recognize another factor or may recognize

RNA polymerase or possibly may be incorporated into an

initiation complex only in the presence of several other

proteins.
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Name Location Product

RNA Polymerase I
(Pol I, Pol A) nucleolus larger ribosomal RNA 

(rRNA) (28S, 18S, 5.8S)

RNA Polymerase II
(Pol II, Pol B) nucleus

messenger RNA (mRNA), 
most small nuclear RNAs 
(snRNAs), small interfering 
RNA (siRNAs) and micro 
RNA (miRNA).

RNA Polymerase III 
(Pol III, Pol C)

nucleus (and possibly 
the nucleolus-
nucleoplasm interface)

transfer RNA (tRNA), other 
small RNAs (including the 
small 5S ribosomal RNA (5s 
rRNA), snRNA U6,signal 
recognition particle 
RNA (SRP RNA) and other 
stable short RNAs

Eukaryotic RNA Polymerases



Eukaryotic RNA Polymerases consist of many subunits

1. RNA polymerase I synthesizes rRNA in the nucleolus

2. RNA polymerase II synthesizes mRNA in the nucleoplasm

3. RNA polymerase III synthesizes small RNAs in the nucleoplasm

4. All eukaryotic RNA polymerases have ~8-14 subunits (~12

subunits) and are complexes of ~500 kD

5. Some subunits are common to all three RNA polymerases

6. The largest subunit in RNA polymerase II has a CTD (carboxyl

terminal domain) consisting of multiple repeats of heptamer.

# Polymerases Subunits

1 I 14

2 II 12

3 III 17



(-Tyr1-Ser2-Pro3-Thr4-Ser5-Pro6-Ser7-)n



Eukaryotic Promoters

• RNA Pol I

– rRNA precursor

• RNA Pol II

– mRNAs, 

U6 snRNA

• RNA Pol III

– tRNA, 5S rRNA, 

U1-U5 snRNAs 

Pol I

UBF SL1

UCE Core 45S rRNA 

precursor

Pol II

GSTFs TFIID

UAS TATA

box

pre-mRNA 

Pol III
TFIIIB

tRNA 

precursor

A B

TFIIIC





Initiation of Transcription 

by

Eukaryotic RNA Polymerase I, II and III



RNA Polymerase I





RNA Polymerase III









RNA Polymerase II



Work: “for his studies of the molecular basis of eukaryotic transcription”

Roger D. Kornberg

Born: 24 April 1947, St. Louis, MO, USA

Field: Biochemistry, Structural chemistry

Prize share: 1/1

Nobel Prize for Chemistry in 2006

Kornberg discovered

mediator complex in

eukaryotic transcriptional

initiation.

In fact Kornberg crated an

actual picture of how

transcription work at

molecular level.



PROMOTER ORGANIZATION
(for RNA Pol II)



-3 to +5 +28 to +32-25

TATAAAAA

Surrounded by

GC rich sequence

-90 in yeast

Pol II Core Promoter Elements

(Core Promoter Elements = TATA box+ Inr or Inr+DPE)

(Other combinations with minor elements also exist)



DPE – Downstream Core Promoter Element

MTE – Motif Ten Element

DCE – Downstream Core Element

BRE – TFIIB Recognition Element

XCPE1 – X Core Promoter Element



Anatomy of a Typical Eukaryotic Gene, with Its 

Core Promoter and Proximal Control Region

-----control elements 

Enhancer

Silencer
Monocistronic
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Promoters contain different combinations of 

TATA boxes, CAAT boxes and other elements
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Upstream transcription factors bind to sequence elements 

that are common to mammalian RNA Pol II promoter
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Points to be Remembered…………

1. Binding of activators at these sites may

influence the formation of the initiation

of complexes at any one of several

stages.

2. Promoters are organized on a principle

of „Mix and Match‟.

3. A variety of elements can contribute to

promoter function, but none is essential

for all promoters.


