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Polypeptide synthesis

Can be divided into three stages

1. Initiation
-includes binding of mRNA to the ribosome
-Selection of the initiation codon
-binding of the acylated tRNA bearing the first amino acid

2. Elongation
-joining together two amino acids by peptide bond formation
-movement of mRNA and ribosome with respect to one another so that 

the codons can be translated successively

3. Termination
-the completed protein is dissociated from the synthesis machinery 
-and the ribosome are released to begin another cycle of synthesis.



Polypeptide synthesis in prokaryotes and eukaryotes follows the same over all 
mechanism, although there are  few differences
Initiation

The use of specific initiating tRNA molecule is an important feature of Initiation.

• In prokaryotes the methionine in tRNA Met is formylated to yield N-
formylmethionine tRNA designated as tRNAfMet . (tRNAfMet molecule is first 
acylated with methionine and an enzyme which is only found in prokaryotes 
adds an formyl group to the amino group of the methionine)

• Both tRNA Met and tRNAfMet can recognize the codon AUG, but only tRNAfMet

is used for initiation

• In eukaryotes also there is a specific tRNA Met for initiation.

• The initiating tRNA molecule is also charged with methionine, but formylation 
does not occur. 

• That means while being synthesized all proteins in prokaryotes have N-formyl 
methionine at amino terminus and in eukaryotes methionine. 



30S preinitiation complex

• Polypeptide synthesis in prokaryotes begins by the formation of 30S pre-
initation complex.

• Which is formed by the association of the one 30S subunit, an mRNA 
molecule, fMet-tRNA, three proteins known as initiation factors and 
GTP (Guanosine-5’triphosphate).



Identifying (a particular AUG as) a START SIGNAL

Since the polypeptide synthesis begins at AUG and AUG codons are also 
found within the coding sequence, there must be some signal present in 
the sequence to identify a particular AUG codon as a START signal.

The means of selecting the correct AUG codon differs between 
prokaryotes and Eukaryotes.

Shine-Dalgarno sequence in Prokaryotes
• In prokaryotic mRNA molecules, a particular base sequence 

(AGGAGGU) known as ribosomal binding site or Shine-Dalgarno
sequence exists near the AUG codon used for initiation. 

• It forms  base pairs with complementary sequence near the 3’ terminus 
of the 16s rRNA molecule of the ribosome.



Identifying (a particular AUG as) a START SIGNAL

In eukaryotes:

Initiation of translation in eukaryotes employs a SCANNING MODE for locating 
the initiator codon

• In eukaryotic mRNA molecules, the 5’ terminus binds to the ribosome with  the 
help of certain proteins that recognize the 5’ cap.

• Then the mRNA molecule slides along the ribosome until first AUG codon in-
frame nearest the 5’ terminus is in contact with the ribosome



70S initiation complex

After the formation of 30S 
preinitiation complex, 50S 
subunit joins with the complex 
to form a 70S initiation 
complex.

tRNA binding sites: (A) site and (P) site
The 50S subunit contains two tRNA binding sites called as A (aminoacyl) site 
and P (peptidyl) site.
• When 70S initiation complex is formed, the 50S subunit is positioned in 

such a way that the fMet-tRNAfMet molecule which is already bound to 
30S preinitiation complex occupies the P site  of the 50S subunit.

• The placement of fMet-tRNAfMet in the P site fixes the position of fMet-
tRNA anticodon so that it pairs with the AUG initiation codon in the 
mRNA.

• Thus the reading frame is unambiguously defined upon the completion of 
70S initiation complex.



Elongation:
• Once the P site is filled, the A site of the 70S initiation complex becomes available 

to any tRNA molecule whose anti-codon can pair with the codon adjacent to the 
initiation codon

• An elongation protein (EF-Tu) facilitates delivery of charged tRNA to the A site.

• After the A site is occupied a peptide bond is formed between the N-
formylmethionine and the adjacent amino acid by an enzyme complex called  
peptidyl transferase



• Once the peptide bond is formed, the N-formylmethionine is cleaved from the 
fMet-tRNA in the P site, thus a dipeptide is formed at the A site .

• That means now an uncharged tRNA molecule occupies the P site and a 
dipeptidyl- tRNA occupies the A site. At this point two movements occur.

1.The tRNAfMet present in the P site , which is no longer linked to an 
amino acid leaves the site
2.The peptidyl tRNA (present in A site)-mRNA unit moves relative to 
the ribosome so that the codon/anticodon bond is now in the ribosomes 
P site 



Translocation:

The movement of peptidyl-tRNA from A site to P site, and the movement of 
mRNA in relation to the ribosome is termed as translocation.
This requires the presence of an elogation factor EF-G and GTP.

After the mRNA movement has occurred, the A site is again available to accept a 
charged tRNA molecule having a correct anticodon.

Termination:

When a termination codon is reached (UAA, UAG, UGA), no acylated tRNA
exists that can fill the A site. So chain elongation stops. 

However the polypeptide is still attached to the tRNA occupying the P site.

Release of the polypeptide is accomplished  by proteins called release factors

Then 70S ribosome dissociates into its 30S and 50S subunits completing the 
cycle.



• In a polycistronic mRNA the 70s ribosome will not always dissociate 
completely, but may reform an initiation complex with the second AUG.

• Such a probability decreases with increasing separation of stop codon and 
the next AUG codon.

• In eukaryotes , immediate re-initiation of polypeptide synthesis following 
an encounter of a ribosome with a stop codon does not occur.



Polyribosome or Polysome

• After about 25 amino acids have been joined in a polypeptide chain,  the AUG 
initiation site of the encoding mRNA molecule is completely free of the 
ribosome

• Then a second initiation complex forms
• When the second ribosome has moved along a distance similar to the first, a 

third ribosome attaches.
• This process of movement and re-

initiation continues until the mRNA is 
covered with ribosomes, at a density of 
about one 70S particle for 80 
nucleotides. This large translation unit 
is called polyribosome or polysome.

• THIS IS USUAL FORM OF 
TRANSLATIONAL UNIT IN BOTH 
PROKARYOTES AND 
EUKARYOTES

• Advantage of polysomes is it increases 
the overall rate of the protein synthesis 
in cell.



Coupled transcription-translation

In prokaryotes, there is no nuclear membrane to 
separate the DNA and ribosomes.

Hence 70S initiation complex forms even before the 
mRNA is release from the DNA.

Coupled transcription-translation speeds up protein 
synthesis as translation does not have to wait for the 
release of mRNA from DNA 

This coupled activity does not occur in 
eukaryotes.

Because in eukaryotes mRNA is first 
synthesized in the nucleus and transported 
through nuclear membrane to cytoplasm 
where the ribosomes are located.
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