
Molecular Biology 
Part IV



Cell Information: Instruction book of Life
• DNA, RNA, and Proteins 

are examples of strings 
written in either the 
four-letter nucleotide of 
DNA and RNA (A C G 
T/U) 

• or the twenty-letter 
amino acid of proteins. 
Each amino acid is 
coded by 3 nucleotides 
called codon. (Leu, Arg, 
Met, etc.)
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The Genetic Code



The genetic code



Code Features

All possible 64 triplets have a meaning.

The codes are not unique for a particular amino acid except
for met (AUG) and trp (UGG).

If an amino acid has multiple codes, its first two letters are the same.

The codes UAA, UAG and UGA denote ‘stop’ and do not represent any protein.

The code AUG appears at the beginning of every protein and it is therefore recognized as 
an initiation code but also has the significance that all proteins are synthesized with a 
methionine at the beginning (but later may be discarded within the cell). Methionine 
may not be always an initiation code and may also appear in the middle of a protein.

The genetic code is not universal in the sense that it applies only to nuclear genes. The 
mitochondrial genes use a slightly different code and also expressed differently using 
different ribosome and tRNAs.



The Genetic Code
We have stated earlier: one gene, one protein. But, how a gene defines a
protein uniquely? It took several years since the discovery of double 
helix by famous biologists (all Nobel Laureates: Severo Ochoa, Marshall
Nirenberg and Gobind Khorana, Crick and Brenner) to decipher what is 
called the genetic code. The first observation was the order of nucleotides
in the gene directly determine the order of amino acid in the polypeptide
(protein). A  T  C  T  G  T  A  A  C  G  G  A  T  A  T 

A  U  C  U G  U A  A C  G  G A  U  A  U

I            C          N            G           Y

DNA sequence in gene

mRNA

polypeptide sequence

The second important discovery was about the size of the code word.
Since DNA alphabet has 4 symbols (A,C,T,G) [ although U rather than T
appears in mRNA, the code is stated in terms of DNA alphabet], two
Symbols can code at most 42=16 polypeptide, so we need at least three
letters since there are 20 proteins.  Three it is – from elementary computer
science principle – giving an excess number of 43=64 combinations! Nature
has used all 64 combinations incorporating redundancy and robustness!! 
But, establishing this by biological experiments was an extremely 
challenging task.



Reading Frame

The linearity of gene and protein was established by a simple
experiment. But, the experiment to proving the triplet nature of 
the code took some detailed Biology work. First there are these 
acridine dyes that can cause deletion or insertion of just one base 
pair in a double stranded DNA. It was also discovered that there 
are some proteins in which a segment of amino acids can be 
changed without altering its function. This portion of the protein is 
called tolerant regions. 

Tolerant region (triplet changes allowed)

Non-tolerant regions (triplet change destroys
biological information)



If regions of the gene corresponding to this tolerant region, is 
changed one at time what effect will have? If the code is a triplet 
and we delete or insert one bp in the gene, then all the amino 
acids downstream will be changed yielding a non-functional  
protein. If we delete or insert two bp in the gene, it will also have 
the same effect. But if we insert or delete three bp, then the 
correct reading frame in non-tolerant region will be restored and 
the protein will be functional again. Crick and Brenner performed 
an elegant experiment based on this principle and established 
the triplet nature of gene coding. Nirenberg, Holley and Govind
Khorana actually later deciphered the genetic code table and 

shared Nobel prize in 1968.

Triplet Nature of Gene Coding



Reading frames



Translation

• The process of going 
from RNA to 
polypeptide.

• Three base pairs of RNA 
(called a codon) 
correspond to one 
amino acid based on a 
fixed table.  

• Always starts with 
Methionine and ends 
with a stop codon



tRNA



Translation, continued

• Catalyzed by Ribosome

• Using two different sites, 
the Ribosome continually 
binds tRNA, joins the amino 
acids together and moves to 
the next location along the 
mRNA

• ~10 codons/second, but 
multiple translations can 
occur simultaneously

http://wong.scripps.edu/PIX/ribosome.jpg



Protein Synthesis: Summary

• There are twenty amino 
acids, each coded by three-
base-sequences in DNA, 
called “codons”
– This code is degenerate

• The central dogma describes 
how proteins derive from 
DNA
– DNAmRNA (splicing?) 
 protein

• The protein adopts a 3D 
structure specific to it’s 
amino acid arrangement and 
function



Simultaneous translation



Translation
(This description is from the book “Cell”)
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