
Cracking the genetic code

• Draw from the board



Genetic code
• The code is a language

• A Codon is a nucleotide 
triplet (like CAG)

• Codons specify particular 
amino acids (CAG specifies 
glutamine )



Genetic code
• There are 64 possible codons (43), but only 20 amino acids.
• The Genetic code is redundant



Translation

Ribosomes synthesize a polypeptide according 
to the genetic instructions in mRNA.



•tRNAs are adaptors that help the ribosome to translate 
genetic information into protein 
The tRNA has an anti-codon that can base-pair with the 
codon in mRNA. 
tRNAs are coupled to their appropriate amino acid



tRNAs are coupled to their appropriate 
amino acid

• Binding of the amino 
acid is always to the 3’ 
terminal adenine of the 
tRNA

• A tRNA with a bound 
amino acid is 
“charged” and 
competent for 
translation



Aminoacyl-tRNA synthetases

• Synthetases 
catalyze the 
addition of amino 
acids to tRNA

• ATP energy is 
required

• There are 20 
synthetases, one 
for each amino 
acid



The specificity of the tRNA-aminoacyl synthetases 
and of codon-anticodon basepairing is essential to the 

high fidelity of translation



Ribosomes are composed of rRNA 
and proteins, and exist as 2 subunits



The complex secondary structure of rRNA forms the structural 
core of the ribosome. 

rRNA has catalytic activity (peptidyl transferase), thus the 
ribosome is a ribozyme (RNA enzyme)



The Ribosome has 4 RNA binding sites
• A = aminoacyl-tRNA site 
• P = peptidyl-tRNA site
• E = exit site
• mRNA binding site



Translation occurs in 3 steps

1. Initiation
• Ribosome binds to mRNA and initiates at an AUG 

(methionine) codon

2. Elongation
• The polypeptide is lengthened one amino acid at a time

3. Termination
• Synthesis of the polypeptide terminates and the ribosome 

dissociates from the mRNA and the polypeptide



Reading Frames in mRNA
• mRNAs have three 

possible “reading 
frames”, but only one 
frame encodes the 
correct polypeptide.

• Translation initiation 
mechanisms ensure 
use of the correct 
frame.



Translation

• Draw the process of Translation from the 
blackboard. This drawing can be related to 
the text on the following pages.



Translation Initiation in Prokaryotes
• The initiator tRNA binds to the small 

ribosomal subunit (30S)
• This initiation complex binds to the mRNA 

at the Shine-Delgarno sequence, which 
base-pairs with the 16S rRNA and 
positions the ribosome at the correct AUG 
initiator codon.

• The Large ribosomal subunit (50S) binds to 
form the functional 70S ribosome.

• An incoming aminoacyl-tRNA binds to the 
A-site

• Peptidyl transferase catalyzes a peptide 
bond between the new amino acid and 
methionine while breaking the bond 
between methionine and the initiator-tRNA

• The ribosome translocates one codon 
toward the 3’ end of the mRNA.

• The initiator tRNA moves into the E site 
before exiting the ribosome.



Elongation of Translation
• The nascent (growing) polypeptide is 

bound to the peptidyl-tRNA in the P-site
• The incoming aminoacyl-tRNA binds to 

the A-site
• Peptidyl transferase catalyzes a peptide 

bond between the new amino acid and 
the nascent polypeptide and breaks the 
bond between the nascent chain and the 
peptidyl-tRNA

• The ribosome translocates by one codon 
along the mRNA toward the 3’ end

• The A site receives the next incoming 
aminoacyl-tRNA

• A peptide bound is formed and the cycle 
continues until termination



Termination of Translation

• Releasing factors bind to 
termination codons (UAG, 
UAA, UGA) in the A-site.

• Releasing factors facilitate 
hydrolysis of the nascent 
polypeptide from the peptidyl- 
tRNA thus freeing the 
polypeptide from the ribosome.

• Release of the polypeptide is 
followed by dissociation of the 
ribosomal subunits from the 
mRNA



Releasing factors are proteins that 
mimic the shape of tRNAs



Mono Vs Polycistronic mRNAs

• In prokaryotes, ribosomes bind internally on 
the mRNA and a single mRNA may be 
polycistronic (encoding multiple polypeptide)



Polycistronic mRNA code for several 
different polypeptides

• Prokaryotic ribosomes bind internally on mRNA at Shine 
Delgarno Sequences (SDS). 

• One mRNA may contain several coding regions (cistrons) for 
distinct polypeptides. Each cistron is preceded by a SDS.

• Such mRNAs are termed polycistronic



Transcription and Translation are 
coupled in Prokaryotes

• Prokaryotes lack a nucleus, 
therefore there is no physical 
separation of DNA from 
ribosomes.

• As soon as mRNA is produced 
by RNA polymerase it is 
bound by ribosomes and 
translation begins.

• In this manner, transcription 
and translation occur 
simultaneously.
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