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Translation (mRNA -> protein)
1. The triplet code: DNA & RNA code for amino acid 
sequence using a triplet code:

3 bases = 1 codon
There are 20 amino acids, but only 4 bases (A,T,C,G)

So! 1 base code! ->! 4 amino acids
! 2 base code! ->! 4 x 4 = 16 amino acids

! 3 base code! ->! 4 x 4 x 4 = 64 amino acids

2. Redundancy: With 3 base codons, have 44 triplets 
left over; the triplet code is redundant:

! 2 - 4 triplets code for each amino acid.

How the code was broken:
Put simple artificial RNA into an in vitro translation 
system, and see what peptides come out. 

UUUUUUUUU so UUU = Phe

AAAAAAAAA Lys-Lys-Lys so AAA = Lys

Phe-Phe-Phe



3. Open reading frames:

In the mRNA, there are no spaces to distinguish one 
codon from the next, so we have to look for the open 
reading frame
= the grouping of stretches of RNA so it makes 
“sense” to ribosomes as a series of codons.



4. Start and Stop codons 
There are special code words for start translation and stop 
translation.

AUG = start!(= methionine, so all proteins start with met)
UAA, UAG, UGA = stop

start here

stop here

coding region



5. Mistakes in the DNA code
Point mutations:

! substitution -- the wrong base is transcribed

! insertion -- an extra base is inserted

! deletion -- a base is deleted

Effects of mutations:

! no effect (i.e. substitution in the 3rd base)

! missense

! nonsense

! frameshift -> missense or nonsense

Note: mutations outside the coding region are more 
likely to have no effect...

Point mutation in hemoglobin



Base-pair Substitution

Base-pair Substitution

Base-pair Substitution



Base-Pair Insertion or Deletion

Base-Pair Insertion or Deletion

Base-Pair Insertion or Deletion



Figure 15.14
(a) Deletion

(b) Duplication

(c) Inversion

(d) Translocation

A deletion removes a chromosomal segment.

A duplication repeats a segment.

An inversion reverses a segment within a 
chromosome.

A translocation moves a segment from one
chromosome to a nonhomologous chromosome.
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Chromosomal aberrations
(large scale mutations)

The three major single chromosome mutations; deletion (1), duplication (2) and inversion 
(3).

Down syndrome, usually is caused by an extra copy of chromosome 21 (trisomy 21).

6. Universal code
The triplet code is universal (almost) -- so all 
organisms can translate each other’s genes.

So can use bacteria to make insulin...



Mechanics
of Translation

Ribosomes

Transfer RNA (tRNA)



Ribosomes

Ribosomes

Translation
Initiation

1. Small ribosomal subunit binds to AUG start codon

2. Initiator tRNA (= Met-tRNA) binds to AUG.

3. Large ribosomal subunit binds Initiator tRNA in the P-site.

Elongation

4. Codon recognition: Incoming tRNA enters A site and matches its anticodon to 
next codon on the mRNA.

5. Peptide bond formation: growing polypetide chain is transferred to the new 
amino acid

6. Translocation: old tRNA in P site floats away, new tRNA moves from A site to 
P site, and ribosome moves down the mRNA by 1 codon.

Termination

7. When the ribosome reaches the stop codon, the release factor enters the A 
site, cuts the polypeptide off the last tRNA, and the ribosome disassembles.



Translation: Initiation

Translation: Initiation

Translation: Elongation



Translation: Termination

Polyribosomes
Multiple ribosomes can scan one mRNA strand at the same 
time

Bacteria can transcribe and translate at the same time:



transcription

1000x mRNA

Amplification

1x gene

translation

100,000x protein

Transcription and translation represent amplification 
steps -- from one copy of gene to zillions of copies in 
protein.

Features of Translation:
1. Uses tRNA to shuttle amino acids to ribosome

so there are at least 3 types of RNA in the cell:
snRNA, tRNA, and mRNA

2. All proteins start with Methionine because start codon is ATG (although 
Met can be cut off during protein processing)

so could label new proteins with radiolabeled Met

3. Mutation could screw up start or stop codons

4. Translation is one way to control gene expression:
! keep mRNA for longer/shorter times, block ribosomes from binding, 

etc.

5. Target of antibiotics: block bacterial protein translation

Antibiotics

Fig. 2. Timeline of discovery novel classes of antibiotics and introduction in clinic.
Compounds listed in normal fonts are natural product derived and in italics are derived from synthetic origin.



Antibiotics

Pencillin et al.: Block bacterial cell wall 
synthesis at Pencillin binding proteins

DNA synthesis blockade



Interference with Translation 

http://www.nature.com/nrmicro/journal/v8/n6/abs/nrmicro2333.html

Nature Reviews Microbiology 8, 423-435 (June 2010) 


