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Objectives: 

1. Know the direction of flow of the genetic material. 

2. Describe the process of protein synthesis 

Protein biosynthesis 
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Definitions 

 
Protein biosynthesis is the 

process in which cells build 

proteins. The term is 

sometimes used to refer only 

to protein translation, but 

more often it refers to a 

multi-step process, beginning 

with transcription and ending 

with protein translation. 

 

Transcription 
Is the process by which 

ribosomes convert the 

information carried by 

messenger RNA (mRNA) to 

the synthesis of new proteins. 

 

Genetic code 
The genetic code is a set of 

rules, which maps DNA 

sequences to proteins in the 

living cell through the 

mechanism of protein 

synthesis.  

Codons are non-overlapping 

groups of the three bases. 

There are 43 = 64 codons.  

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Translation_(genetics)
http://en.wikipedia.org/wiki/Transcription_(genetics)
http://en.wikipedia.org/wiki/Translation_(genetics)
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The standard genetic code is shown in the following table 

Table 1: Codon table 

This table shows the 64 codons and the amino acid each codon codes for. 

 
2nd base 

U C A G 

1st 

base 

U 

UUU Phenylalanine 

UUC Phenylalanine 

UUA Leucine 

UUG Leucine, Start 

UCU Serine 

UCC Serine 

UCA Serine 

UCG Serine 

UAU Tyrosine 

UAC Tyrosine 

UAA Ochre (Stop) 

UAG Amber (Stop) 

UGU Cysteine 

UGC Cysteine 

UGA Opal (Stop) 

UGG Tryptophan 

C 

CUU Leucine 

CUC Leucine 

CUA Leucine 

CUG Leucine, Start 

CCU Proline 

CCC Proline 

CCA Proline 

CCG Proline 

CAU Histidine 

CAC Histidine 

CAA Glutamine 

CAG Glutamine 

CGU Arginine 

CGC Arginine 

CGA Arginine 

CGG Arginine 

A 

AUU Isoleucine, Start2 

AUC Isoleucine 

AUA Isoleucine 

AUG Methionine, 

Start1 

ACU Threonine 

ACC Threonine 

ACA Threonine 

ACG Threonine 

AAU Asparagine 

AAC Asparagine 

AAA Lysine 

AAG Lysine 

AGU Serine 

AGC Serine 

AGA Arginine 

AGG Arginine 

G 

GUU Valine 

GUC Valine 

GUA Valine 

GUG Valine, Start2 

GCU Alanine 

GCC Alanine 

GCA Alanine 

GCG Alanine 

GAU Aspartic acid 

GAC Aspartic acid 

GAA Glutamic acid 

GAG Glutamic acid 

GGU Glycine 

GGC Glycine 

GGA Glycine 

GGG Glycine 

1The codon AUG both codes for 

methionine and serves as an initiation 

site: the first AUG in an mRNA's 

coding region is where translation into 

protein begins. 
2This is a start codon for prokaryotes 

only. 

Pop quiz: 

Which of the following statements about 

the “genetic code” is most accurate? 

a. Information is stored as 

sets of dinucleotide repeats called codons. 

b. Information is stored as sets of trinucleotide repeats called codons. 

c. Different codons can specify the same amino acid . 

d. There are 64 codons, all of which code for amino acids. 

http://en.wikipedia.org/wiki/Phenylalanine
http://en.wikipedia.org/wiki/Phenylalanine
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Tyrosine
http://en.wikipedia.org/wiki/Tyrosine
http://en.wikipedia.org/wiki/Cysteine
http://en.wikipedia.org/wiki/Cysteine
http://en.wikipedia.org/wiki/Tryptophan
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Proline
http://en.wikipedia.org/wiki/Proline
http://en.wikipedia.org/wiki/Proline
http://en.wikipedia.org/wiki/Proline
http://en.wikipedia.org/wiki/Histidine
http://en.wikipedia.org/wiki/Histidine
http://en.wikipedia.org/wiki/Glutamine
http://en.wikipedia.org/wiki/Glutamine
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Isoleucine
http://en.wikipedia.org/wiki/Isoleucine
http://en.wikipedia.org/wiki/Isoleucine
http://en.wikipedia.org/wiki/Methionine
http://en.wikipedia.org/wiki/Threonine
http://en.wikipedia.org/wiki/Threonine
http://en.wikipedia.org/wiki/Threonine
http://en.wikipedia.org/wiki/Threonine
http://en.wikipedia.org/wiki/Asparagine
http://en.wikipedia.org/wiki/Asparagine
http://en.wikipedia.org/wiki/Lysine
http://en.wikipedia.org/wiki/Lysine
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Valine
http://en.wikipedia.org/wiki/Valine
http://en.wikipedia.org/wiki/Valine
http://en.wikipedia.org/wiki/Valine
http://en.wikipedia.org/wiki/Alanine
http://en.wikipedia.org/wiki/Alanine
http://en.wikipedia.org/wiki/Alanine
http://en.wikipedia.org/wiki/Alanine
http://en.wikipedia.org/wiki/Aspartic_acid
http://en.wikipedia.org/wiki/Aspartic_acid
http://en.wikipedia.org/wiki/Glutamic_acid
http://en.wikipedia.org/wiki/Glutamic_acid
http://en.wikipedia.org/wiki/Glycine
http://en.wikipedia.org/wiki/Glycine
http://en.wikipedia.org/wiki/Glycine
http://en.wikipedia.org/wiki/Glycine
http://en.wikipedia.org/wiki/MRNA
http://en.wikipedia.org/wiki/Prokaryotes
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Translation 
Translation (also called protein biosynthesis or polypeptide synthesis) is the 

second process in gene expression. In translation, messenger RNA is used as a 

template to produce a specific polypeptide according to the rules specified by 

the genetic code. 

Phases 

Translation proceeds in three phases: initiation, elongation, and termination (all 

describing the growth of the amino acid chain, or polypeptide that is the 

product of translation). 

Initiation of translation involves the small ribosomal subunit binding to the 

'start' codon on the mRNA, which indicates where the mRNA starts coding for 

the protein. This codon is most commonly an AUG.  

In prokaryotes, the initiator tRNA, f-Met, base pairs to the start codon and sits 

in the P site of the ribosome. The large subunit then forms a complex with the 

small subunit, and  

elongation proceeds. A new activated tRNA enters the A site of the 

ribosome and base pairs with the mRNA. The enzyme peptidyl transferase forms 

a peptide bond between the adjacent amino acids. As this happens, the amino 

acid on the P site leaves its tRNA and joins the tRNA at the A site. The 

ribosome them moves in relation to the mRNA shifting the tRNA at the A site 

on to the P whilst releasing the empty tRNA, this process is known as 

translocation. 

This procedure repeats until the ribosome encounters one of three possible stop 

codons, where translation is terminated. This stalls protein growth, and release 
factors, proteins which mimic tRNA, enter the A site and release the protein in 

to the cytoplasm. Synthesis of proteins can take place extremely quickly. This is 

aided by multiple ribosomes being able to attach themselves to one mRNA chain, 

thus allowing multiple proteins to be constructed at once. An mRNA chain with 

multiple ribosomes is called a polysome. Also, as prokaryotes have no nucleus, an 

mRNA can be translated while it is still being transcribed. This is not possible in 

eukaryotes as translation occurs in the cytoplasm, whereas transcription occurs 

in the nucleus.  

On tRNA, there is an anticodon that is used to match the codon on the mRNA. 

tRNA also has a single unit of amino acid attached to it. As the ribosome travels 

down the mRNA one codon at a time, another tRNA is attached to the mRNA at 

one of the ribosome site. The first tRNA is released, but the amino acid that is 

attached to the first tRNA is now moved to the second tRNA, and binds to its 

amino acid. This translocation continues on, and a long chain of amino acid 

(protein), is formed. 

http://en.wikipedia.org/wiki/Polypeptide
http://en.wikipedia.org/wiki/Cytoplasm
http://en.wikipedia.org/wiki/Cell_nucleus
http://en.wikipedia.org/wiki/TRNA
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When the entire unit reaches the end codon on the mRNA, it falls apart and a 

newly formed protein is released. This is the termination. 

 
Pop quiz: 

With what mRNA codon would the tRNA in the diagram be able to form a codon-

anticodon base pairing interaction? 

a. 3'-AUG-5'  

b. 3'-GUA-5'  

c. 3'-CAU-5'  

d. 3'-UAC-5'  

e. 3'-UAG-5' 
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CONCLUSIONS: 
 

1. The flow of genetic information follows the sequence 

DNA    RNA    protein. 

• The genetic information in the structural region of a gene is transcribed into 

an RNA molecule such that the sequence of the latter is complementary to that 

in the DNA. 

 

2. Protein synthesis, like DNA and RNA synthesis, follows a 5′ to 3′ polarity 

and can be divided into three processes: initiation, elongation, and 

termination. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


