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Protein Synthesis: Translation 
 
After the process of transcription, messenger RNA mi-
grates out of the nucleus of the cell and into the cytoplasm. 
There the genetic code is "translated" by a ribosome into 
a specific amino acid sequence in the synthesis of a protein 
(or at least the polypeptide portion if it is a complex 
protein). 

Color titles and structures B and D. 

Each set of three bases on a messenger RNA molecule 
constitutes a codon for one amino acid. Each codon is 
"recognized" by a complementary anticodon on a transfer 
RNA molecule, which brings the correct amino acid into 
position for addition to the polypeptide being synthesized. 

Color the headings Ribosome, Phases of Transla-
tion, and Initiation, titles E through L, and the as-
sociated illustrations. Use very light colors for H, I, 
J, and K. 

The ribosome is roughly half protein and half ribosomal 
RNA, organized into small and large subunits. The sub-
units are separate from one another except when translat-
ing messenger RNA. The large subunit has two separate 
binding sites for tRNA, known as the P (peptidyl) site and 
the A (aminoacyl) site. 

The initiation phase begins with the binding of the 
mRNA to the small subunit of a ribosome. Next the first 
tRNA, with its amino acid, binds to the mRNA. Then the 
large ribosomal subunit binds, doing so in such a way that 
the first tRNA ends up bound to the P site. 

The first codon of every mRNA is always AUG (ade-
nine, uracil, guanine), and therefore the first tRNA to bind 
is always one with the anticodon TAG (thymine, adenine, 
cytosine), which is complementary to the AUG codon. 
The tRNA with that anticodon always has the amino acid 
methionine attached to it, so methionine is always the first 
amino acid in the new polypeptide chain. (In prokaryotic 
cells, the closely related N-formyl methionine is used.) 
The methionine is often removed later. 

Color the heading Elongation, titles M, N, O, and 
J', and the associated illustration. 

Immediately following initiation, the process of elonga-
tion begins, with the binding of a second tRNA, carrying 
its specific amino acid, to the second binding site on the 
ribosome, known as the A site. (Remember, each kind of 
tRNA carries only one particular amino acid of the 20 
used in protein synthesis.) The A site is immediately adja- 

 
 
 
 
cent to the P site, so the tRNA binding to it is always the 
one that has an anticodon that is complementary to the 
very next three bases (codon) on the mRNA molecule. In 
this plate, the second codon is GCU, which will bind only 
with the tRNA having the anticodon CGA, which always 
carries the amino acid alanine. The fact that the second 
codon is GCU will thus assure that the second amino acid 
in the chain being formed will be alanine and not one of 
the other 19 amino acids used to make proteins. 

Once the tRNA is in place, an enzyme (peptidyl trans-
ferase) detaches the first amino acid, methionine, from its 
tRNA on the P site and joins its carboxyl end to the amino 
group of the amino acid (alanine) attached to the tRNA 
on the A site to form a peptide bond (Plate 18). Then the 
first tRNA is released from the P site to go back out into 
the cytoplasm for another amino acid molecule to be at-
tached to it. The ribosome moves exactly three bases along 
the mRNA, moving the second tRNA to the P site 
(shown), taking along with it what is now a dipeptide 
(composed of two amino acids). 

The elongation process then repeats over and over. A 
third tRNA with an anticodon (AAA in this illustration) 
complementary to the third codon (UUU) binds to the A 
site. The dipeptide constructed so far is transferred by the 
enzyme from the second tRNA on the P site to the third 
amino acid (on the tRNA at the A site) to form a tripep-
tide. Because the tRNA with the anticodon AAA always 
carries the amino acid phenylalanine, the fact that the 
third codon is UUU assures that the third amino acid will 
be phenylalanine. The same process repeats over and over 
until the entire polypeptide specified by the mRNA is 
complete. 

Color the heading Termination, title P, and the 
remainder of the plate. 

As will be seen in the next plate, three particular 
mRNA codons do not code for particular amino acids but 
serve as termination codons (also commonly called stop 
codons). When one of them, such as UGA shown here, 
reaches the A site, it attracts a protein called release factor 
instead of a tRNA. This causes the peptidyl transferase 
enzyme to break a water molecule to obtain a hydroxyl 
group, add that hydroxyl group to the end of the polypep-
tide chain to make a complete carboxyl group there, and 
release the completed polypeptide. The ribosome then 
separates into two subunits. The mRNA may bind to 
several more ribosomes and make several more copies of 
the polypeptide, but before long it is broken down by an 
enzyme, ribonuclease. 

 

 



 

 

 

 

 

 

 


