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Eukaryotic 

translation

Initiation of translation in eukaryotes is similar to

prokaryotic initiation in many ways. Both use a start

codon and a dedicated initiator tRNA and both use

initiation factors to form a complex with the small

ribosomal subunit that assembles on the mRNA

before addition of the large subunit. However,

eukaryotic mRNAs do not have any Shine-Dalgarno

sequence as RBS. Rather, the finding of initiation AUG

codon involves a scanning process.





Formation of 43S preinitiation complex 

(PIC)

In eukaryotes, the small subunit is already associated with an initiator tRNA

when it is recruited to the 5’-cap of the mRNA. Four initiation factors eIF1,

eIF1A, eIF3 and eIF5 binds to the small subunit. eIF1 binds to the E-site, while

eIF1A binds to the A-site. Together, eIF1, eIF1A and eIF3 act in an analogous

manner to the prokaryotic initiation factors IF1 and IF3 to prevent large

ribosomal subunit binding with the small subunit and tRNA binding to the A-

site. Then, the initiator charged tRNA (Met-tRNAMet) is escorted to the small

subunit by GTP-binding initiation factor eIF2. The complex of initiator charged

tRNA and GTP bound eIF2 is called the ternary complex (TC). eIF2 positions

the initiator tRNA in the P-site of the initiation factor (eIF1, eIF1A, eIF3 and

eIF5)-bound small subunit, resulting in the formation of the 43S preinitiation

complex (43S PIC). It is noteworthy that eIF3 is almost as large as the entire

40S subunit but primarily binds the site of the small subunit near the A- and

E-sites.



Formation of 48S preinitiation 

complex

On the other hand, through a separate series of reactions, mRNA is

prepared for recognition by the small subunit. This process begins

with the recognition of 5’-cap by the initiation factor eIF-4E that

acts as cap-binding protein. Then, eIF-4G binds to both eIF-4E and

mRNA, whereas eIF-4A binds eIF-4G and mRNA. The complex of

mRNA, eIF-4G (scaffold protein), eIF-4A (ATP-dependent RNA

helicase) and eIF-4E is joined by eIF-4B, which activates the RNA

helicase activity of eIF-4A. The helicase unwinds any secondary

structures (such as hairpins) that may have formed at the end of

the mRNA. Removal of secondary structures is critical because the

5’ end of the mRNA must be unstructured to bind to the small

subunit. Finally, interactions between the eIF-4G bound to the

unstructured mRNA and initiation factor eIF3 bound to the small

subunit recruit the 43S PIC to the mRNA to form the 48S PIC.





Circularization of mRNA

The presence of a poly-A tail contributes to the efficiency of

eukaryotic translation. In addition to binding to the 5’end of

mRNA, the eIFs also interacts with 3’poly-A tail of mRNA. This

interaction is primarily mediated by eIF-4G, which binds both

directly to the 3’end of mRNA and to the poly-A binding

protein (PABP) that coats the poly-A tail. These interactions

result in the mRNA being held in a circular configuration with

the 5’ and 3’ ends of the molecule in close proximity. These

interactions enhance several steps of initiation including eIF-4E

binding to the mRNA cap and large subunit recruitment. In

addition, this mRNA conformation has the added benefit of

locating recently terminated ribosomes near the AUG,

presumably enhancing re-initiation.





Finding of start AUG codon through 

scanning

Once assembled at the 5’end of the mRNA, the small subunit

and its associated factors move along the mRNA in a 5’-3’

direction in an ATP-dependent process that is stimulated by

the eIF-4A/4B associated RNA helicase. During this

movement, the small subunit scans the mRNA for the start

codon that is recognized through base pairing between

anticodon of initiator tRNA and start codon of mRNA. After

correct anticodon-codon interaction, the conformation of the

48S PIC changes, leading to the release of eIF1 and a change

in the conformation of eIF5. These two events stimulate the

hydrolysis of eIF2-bound GTP, resulting in the release of eIF2-

GDP and eIF5 from the small subunit.



Formation of 80S preinitiation 

complex

Loss of eIF1, eIF2 and eIF5 allow the binding of a second
GTP-bound, initiator tRNA-binding protein eIF5B. Upon
binding the initiator tRNA, eIF5B-GTP stimulates the
association of the large 60S ribosomal subunit with the
correctly positioned 40S subunit. After binding of 60S
subunit, hydrolysis of eIF-5B bound GTP take place that
leads to dissociation of remaining initiation factor eIF1A and
eIF-5B-GDP. As a result of these events, the 80S initiation
complex is formed wherein the initiator Met-tRNAi

Met is
placed in the P-site of the ribosome and A-site is ready to
accept incoming aminoacyl-tRNA.





Similarities between prokaryotic and eukaryotic 

initiation factors

Although translational initiation in eukaryotes involves
many more auxiliary factors, these are clear analogs of the
bacterial initition factors. The function of prokaryotic IF2 is
split between eIF2 and eIF5B: eIF2 mediates initiator tRNA
recruitment and detects pairing with the initiation AUG
codon, whereas eIF5B involved in large subunit
recruitment. And like IF2, both eIF2 and eIF5B are
regulated by the nucleotide they are bound to. Finally, IF3
and eIF1 both bind to the E-site of the small subunit and
are both released upon base pairing of the initiator tRNA
with the AUG.



Elongation

The eukaryotic translation elongation is similar to that

of prokaryotes in mechanism, but the eukaryotic

elongation factors are named differently. However,

their functions are similar to their prokaryotic

counterparts. eEF1α, eEF1β and eEF2 are functionally

analogous to EF-Tu, EF-Ts and EF-G, respectively.



Eukaryotic release 

factors

Eukaryotes have one class I release factor eRF1 that
recognizes all three stop codons (UAA, UAG and UGA) and
one class II release factor eRF3. The structure and amino
acid sequence of these factors are different from
prokaryotic counterparts and only eRF1 functions
analogously. Like RF1 and RF2, eRF1 recognizes all three
stop codons (UAA, UAG and UGA) and stimulates
hydrolysis of peptide chain (involving GGQ motif) from
tRNA in the P-site.



Termination and ribosome 

recycling

Unlike prokaryotic RF3, eRF3 delivers eRF1 to the ribosome.
eRF3-GTP binds to eRF1 away from the ribosome and like EF-Tu
and a charged tRNA, escorts eRF1 to the ribosome. Also like EF-
Tu, If eRF1 recognizes a stop codon, eRF3-GTP binds the factor
binding center, stimulating GTP hydrolysis. Then, eRF3-GDP is
rapidly released from the ribosome and eRF1 moves to the A-site
in a manner thought to be analogous to tRNA accommodation.
Interestingly, there is no evidence for RRF in eukaryotes, nor does
eEF2 (like EF-G) participate in ribosome recycling. Instead,
current models suggest that after stimulating peptide hydrolysis
from P-site tRNA, eRF1 (in conjugation with an ATPase called Rli1)
also participates in ribosome recycling.




