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Transcription 

DNA acts like a manager  

RNA synthesis on DNA template 

A lower copying fidelity than DNA replication 

Proceeds in the 5' to 3' direction 

Genetic information directs the synthesis of proteins 



Transcription and translation  = gene expression 

A cell can express different genes at different rates. 

 

Untranscribed segments of the DNA 



Portions of DNA sequence are transcribed into RNA. 

Transcription of a gene produces an RNA 
complementary to ONE strand. 

Transcription has similarities to DNA replication??? 

Coding strand 



Transcription differs from DNA replication in several 
aspects: 

RNA strand does not remain hydrogen-bonded to the 
DNA template (RNA is single-stranded) 

  RNA molecules are much shorter 

RNA polymerases  

 



Transcription can be visualized in the electron 
microscope. 

In eukaryotes, each mRNA -one gene – one protein 

In prokaryotes – a single mRNA- several different proteins 

Yeast chromatin. Transcription can be visualized as 
“Christmas trees”. 



Signals in the nucleotide sequence of a gene tell bacterial 
RNA polymerase where to start and stop transcription. 

 



How RNA polymerase “understand” which of the two 
DNA strands to use as a template for transcription? 

The structure of promoter itself.  



Necessary factors: 
1. DNA template 

2. Four ribonucleoside  triphosphates – A, C, G, U 

3. RNA polymerase  

Prokaryotes – holoenzyme = core enzyme + σ (sigma) - factor  

Core enzyme - ββ'(α)2 has catalytic activity but cannot 
recognize start site of transcription 

 

 



Initiation of eukaryotic gene transcription is a 
complex process 

Eukaryotic RNA polymerases (RNAP) 

 3 nuclear RNA polymerases 

• RNAP I- transcribes rRNA genes 

• RNAP II - mRNA genes 

• RNAP III - tRNA, 5S rRNA, and other small RNA 
genes 

 organelle specific RNA polymerases 

more prokaryotic-like: chloroplast and mitochondria 

 



How does RNA polymerase II know where to begin? 

Eukaryotic RNA polymerase requires general transcription 
factors 

 

1. TATA box element - located between -30 
and -20 bps 

2. TATA box is recognized and bound 
transcription factor 



Necessary factors: 
5. Helicase 
6. Transcription factors  
7. Topoisomerases  
8. Energy 

 
 
Eukaryotic mRNAs are processed in the nucleus 
 Different types of RNA are processed in different  
ways before leaving the nucleus. 
 RNA transcripts to become mRNA molecules – two 

steps: 
1. RNA capping – 5’ end 
2. Polyadenylation – 3’ end 



These two modifications  - capping  and polyadenylation: 
 Increase stability of mRNA molecule 
Facilitate its export from nucleus to the cytoplasm 
Mark the RNA molecule as a mRNA 

In eukaryotes, protein-coding genes are interrupted  
by noncoding sequences – INTRONS 
The scattered  pieces of coding  (expressed) sequences  - EXONS 



Bacterial and Eukaryotic genes are organized differently 

Eukaryotic 

Bacterial 



 

Introns are removed from pre-mRNAs by RNA 
splicing 

How does the cell determine which parts of the RNA 
transcript to remove during splicing? 

 



 An intron in a pre-mRNA molecule forms a branched 
structure during RNA splicing 

 Splicing is carried out by a collection of RNA-protein 
complexes called snRNPs 



A specialized set of RNA binding proteins signals that 
a mature mRNA is ready to export to the cytosol. 

 - only corrected processed RNAs are exported 

- selective transport is mediated by nuclear pore 
complex 

 

 

 



Most protein-coding human genes are broken into 
multiple exons and introns 

 



Some pre-mRNAs undergo alternative RNA splicing 
to produce various mRNAs and proteins from the 
same gene. 



Alternative and constitutive splicing 

Alternative 



mRNA molecules are degraded in the cytosol 

 

  The lifetime differs depending on the nucleotide 
sequence and the type of cell 

  in bacteria – about 3 min. 

 β-globin  -10 hours, others less than 30 min. 



Prokaryotic vs. eukaryotic transcription 

mRNA processing: 
 5’ capping  
 3’polyadenylation 
 Splicing 

 



Translation 
mRNA to protein 

The nucleotide sequence of an mRNA is 
translated into the amino acid sequence of a 
protein via the genetic code. 

 

 

 

 

3 steps: 

 Initiation; Elongation; Termination 



  mRNA sequence is decoded in sets of three 
nucleotides. 

A codon – three consecutive nucleotides in RNA, 
specifies one amino acid. 

mRNA molecule can be translated in three 
possible reading frames. 

 

 



tRNA molecules match amino acids to codons in 
mRNA 

 



How does each tRNA molecule recognize the one 
amino acid in 20 that is its right partner? 

Specific enzymes couple tRNAs to the correct amino 
acid 

  aminoacyl-tRNA synthetases – recognition and 
attachment of the correct amino acid 

 



The mRNA message is decoded by ribosomes. 

Each ribosome has a binding site for mRNA and 
three binding sites for tRNA. 



Specific codons in mRNA signal the ribosome where to start 
and to stop protein synthesis. 



In bacteria, specific ribosome-binding sequences, up 
to six nucleotides long instead of 5’ cap in mRNA. 

The end of translation: 
  Three stop codons – UAA, UAG, UGA 
  Release factors 
  the ribosomes and mRNA are dissociated 



Summarized necessary factors for translation 

1. RNA template 

2. 20 amino acids 

3. tRNAs 

4. Ribosomes 

5. Aminoacyl tRNA synthetase 

6. Peptidyl transferase 

7. Specific proteins – initiation, elongation, termination 
factors 

8. Energy – the most energy consuming process 

 



Proteins are synthesized on polyribosomes/polysomes 

 A single mRNA – multiple ribosomes – many more 

proteins 

 Polysomes operate in both bacteria and eukaryotes 

 



Regulation of gene expression 

Regulation of RNA synthesis or protein synthesis 

 



Regulation of gene expression 

Inhibitors of prokaryotic protein synthesis are used as 
antibiotics. 



There are many steps between DNA and protein 

 

 

 

 

The final concentration  

of each protein depends  

on the rate of each  

presented step. 



Genetic code - characteristics 
 

1. … 
2. … 
3. … 
4. … 
5. … 
6. … 
7. … 
 


