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General information

• Protein synthesis involves interactions 
between ribosomes with three types of 
RNA molecules:

• tRNAs (which carry the Amino acids)
• rRNAs, 
• mRNA templates
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• Translation: The process of making proteins 
from mRNA.



Colinearity of genes, mRNAs, & proteins

• Co-linearity: In linearity ( they are parallel 
and accompany each other).

• mRNA has the same nucleotides sequence as 
the DNA , protein is co-linear with mRNA.

• So, if we have a mutation in a specific region 
in the DNA, it will reflect on the mRNA and 
the protein in the same specific region.



mRNA is read by tRNA in triplets

5’
3’

• tRNA reads the mRNA as triplets (codons are 
made of 3 nucleotides each).



tRNA structure
• tRNAs are short single-stranded RNA 

molecules (80 bases long).

• “Charged” or “activated” tRNA carries 
one amino acid at the 3’-end.

• Amino Acid carried by the tRNA is 
determined by :

1. Triplet of nucleotides ( anticodon ), which is 
complementary to the codon of mRNA.

2. Internal sequence (special code inside the 
tRNA).

• tRNAs contain stem loop structures, 
modified bases, and unusual bases 
(example: inosine).

• In addition to the 4  nitrogenous bases we know, 
tRNA has additional modified base, for example 
(inosine).
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• tRNA reads mRNA as triplets (codons).
• We have 64 probability of different triplets 

(codons) to encode 20 amino acids.
• These codons are at the mRNA not the tRNA.
• Amino acids cluster in groups ( hydrophobic 

amino acids, hydrophilic amino acids, etc…), so its 
not random, which reduces the impact of 
mutations.

➢ AUG codes for methionine and it’s usually the first 
codon in the translation.

➢ UAA / UAG / UGA => stop codons.



Features of the genetic codon

• All 64 possible codons of the genetic code and the amino acid specified by 
each, as read in the 5′→3′ direction from the mRNA sequence. 

• Protien synthesis begins at the amino terminus and extends toward the carboxyl terminus.

• Sixty-one codons specify an amino acid. 
• Three STOP codons (UAA, UAG, and UGA) do not encode any amino acid. 

• The genetic code for mitochondrial mRNA (mtDNA) is typical of the 
universal code except for a few variants.

• mtDNA follow the same chart but there are some exceptions.



Codon vs. anticodon

• tRNAs contain a three-nucleotide sequence known as “anticodon” that pairs in 
an anti-parallel manner with the “codon” of mRNA molecules.
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Pairing between codon and the anticodon is anti-parallel.

We read tRNA anticodon 
from here (5’ to 3’).



Fidelity of translation

• Accurate translation requires two steps:
• First: accurate association of amino acid to tRNA (every amino acid attach with the right 

tRNA, so for every anticodon we have one amino acid that never change).

• Second: a correct match between the tRNA ‘s anticodon and the mRNA’s codon
• The binding between the tRNA and the mRNA must be accurate (G binds with C / A binds 

with U), the third nucleotide pairing can be flexible. 



Wobble base pairing
• There is flexible pairing at the 

third base of a codon to the 
anticodon allowing some tRNAs 
to bind to more than one codon.

• Even if a mutation happened in the third 
nucleotide of a codon, most probably the 
amino acid will be the same.

• It is called wobble base pairing.

• The bases that are common to 
several codons are usually the first 
and second bases, with more room 
for variation in the third base.

• The genetic codon is degenerate.

• It acts as a buffer against deleterious 
mutations.

If we have a mutation in the second 
nucleotide, the amino acid will change 
but most probably the type of amino 
acids will be the same, so it gives some 
protection to the cell.



Examples of wobble base pairing

• Relaxed base pairing results from the formation of G-U base pairs.

Both are hydrophobic 

amino acids

wobble base pairing inosine guanosine نتيجة بحث الصور عن

https://www.google.jo/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjZ-NGiy4HTAhXBCSwKHQjbCL0QjRwIBw&url=http%3A%2F%2Fwww.biomers.net%2Fen%2Fproducts%2FDNA%2FSequence_Modifications.html&psig=AFQjCNFolKLmikovBVnem5N0UQSNVgz6vw&ust=1491078697543710


Ribosomes

• Ribosomes are the sites of protein synthesis.
• Ribosomes are composed of proteins and rRNAs.

• E. coli contains about 20,000 ribosomes (~25% of the dry weight of the cell).

• Rapidly growing mammalian cells contain about 10 million ribosomes.

The peptidyl transferase reaction of a 
peptide bond is catalyzed by the rRNA 
of the large ribosomal subunit.
rRNA act as an enzyme, while protein provide 
structural support.



Ribosome structure

➢ Prokaryotes and eukaryotes share a 
similar ribosome structure, consisting of 
large and small subunits.

➢ The weight and the composition of both 
ribosomes in prokaryotes and eukaryotes 
are almost the same.



Functional and structural components of ribosomes

• Ribosomes facilitate specific coupling of tRNA anticodons with mRNA 
codons in protein synthesis.

• The RNA components are responsible for the catalytic function of the 
ribosome, and the protein components enhance the function of the rRNA 
molecules.

➢ rRNA (they are in 
the middle of the 
ribosome).

➢ Peptide synthesis 
take place around 
rRNA molecules.

➢ Proteins (they provide 
structural support and 
enhance the function of 
the rRNA molecules).



The chambers of secret

tRNA binding sites on a ribosome: 

The P site holds the tRNA that carries the growing polypeptide chain
The A site holds the tRNA that carries the next amino acid to be added to the chain
The E site is the exit site, where discharged tRNAs leave the ribosome (when tRNA 

no longer carries an amino acid, it is referred to as discharged).

➢ The large ribosomal 
subunit is composed of 
three chambers ( E, P 
and A chamber).



The general mechanism of translation

• Three stages: initiation, elongation, and termination.

• The direction is 5’ → 3’.

• Protein synthesis begins at the amino terminus and extends toward the 
carboxyl terminus.
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Start of translation

• In both prokaryotes and eukaryotes, translation starts at specific initiation 
sites, which is AUG (methionine), and not from the first codon of the 
mRNA.

• Notice where the

translation begins
(the blue arrow)

• The large ribosomal unit joins after every other part of
the translation initiation complex is already in place

Also, for it to join it 
requires the 
hydrolysis of a GTP 
molecule.



Untranslated regions

• The 5´ terminal portions upstream of the initiation sites of both 
prokaryotic and eukaryotic mRNAs contain noncoding sequences, referred 
to as 5´ untranslated regions (UTRs).

• There is also a 3’-untranslated region, which follows any of The three stop 
codons.
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• This is the mRNA after 
"processing", which is done 
by:
1) 5'Capping
2) Splicing
3) 3'Polyadenylation

Moving in this 
direction (to 5') is 
upstream

And to 3' is 
downstream

Translation 
starts here

And ends 
here (stop 
codon)



Remember…

• Bacterial mRNA is polycistronic 

• Eukaryotic mRNA is monocistronic
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• One Bacterial mRNA can encode multiple proteins. In 
Eukaryotes, typically one mRNA encodes only one 
protein.

• But how can the ribosome find the start 
codon?? SEE UPCOMING SLIDES.



Shine-Dalgarno sequence
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Contain (Shine-Dalgarno sequence)

• In bacteria, we have Shine-Dalgarno sequence before the desired AUG start 
codon, SEE NEXT SLIDES.



But in eukaryotes…

• Eukaryotic ribosomes recognize mRNAs by binding to the 7-
methylguanosine cap at their 5´ terminus.
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And once they reach the AUG start codon they 
start translating. FULL Explanation Next Slide...
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We know that the translation starts with the start codon, but how does the ribosome 'find it'?

When the translation initiation complex starts working the mRNA passes through the ribosome. The ribosome 

is 'scanning' it in search of the start codon. In Eukaryotes, The small ribosomal unit binds to the 5' cap. 

Then mRNA passes through the ribosome and will reach the first AUG start codon downstream and start 

translating. The cap, as a result, helps the ribosome in locating the start codon easily. In bacteria, however, 

mRNA doesn't go through processing as in eukaryotes. Therefore, it doesn't have a 5' cap. Instead, bacteria 

have a specific sequence within their mRNA (can have multiple in one mRNA ‘polycistronic') called the 

"Shine-Dalgarno Sequence".

When bacterial ribosomes read the mRNA they will come upon this sequence, which precedes the start 

codon, and make hydrogen bonds between the bases in Shine-Dalgarno Sequence and the rRNA in the small 

ribosomal subunit, (see slide 19). This acts as a halt for the ribosomal reading, making it 'ready' to start 

translation from the start codon that follows the sequence. 

Explanation of the previous slides:



Translation initiation in eukaryotes

• The eIF4 initiation factors form a complex that links the poly-A tail to the 
CAP via poly-A binding protein (PABP).

• The eIF4 initiation factors then bring the mRNA to the small ribosomal 
subunit.

(Eukaryotic initiation factor 4)

The small ribosomal unit

Even though, the poly-A tail 
is not translated, it is 
important for the translation 
process.

Helping in getting the mRNA ready for translation.



Internal ribosome entry site (IRES)

• Alternatively, internal ribosome 
entry site (IRES) exist in some 
other mRNAs and is recognized by 
the eIF4G protein followed by 
recruitment of the first tRNA and 
the small ribosome.

IRES helps in locating the AUG in cap-independent mRNAs 
(most mRNAs are cap-dependent). It is called cap-
independent because it allows the ribosome to bind 
directly to IRES instead of to the 5' cap. Know that it uses 

elF4G. Also, the IRES is somewhat like the Shine-Dalgarno 
Sequence in bacteria in concept.



The first amino acid

• Translation always initiates with the amino acid methionine, usually encoded by 
AUG.

• In bacteria, it is N-formylmethionine.
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Notice the differences between the eukaryotic and the 
prokaryotic systems in translation up until now



Building a polypeptide

• The three stages of translation
• Initiation

• Elongation

• Termination

• All three stages require protein “factors” that aid in the translation process.
Specific factors to each stage: 
(initiation factors for initiation.
elongation factors for elongation.
termination factors for termination. 



Translation initiation

• tRNA forms a complex with the small 
ribosomal subunit with the help of eIF2.

• mRNA joins the complex with the help of eIF4.

• The small ribosomal subunit scans for the first 
AUG.

• The large ribosomal subunit joins them all.

We will focus more on the eukaryotic system

Cap of mRNA linked with poly-A tail



Regeneration of eIF2

• eIF2 is complexed to GTP to be active.  When 
the correct tRNA is inserted, GTP is hydrolyzed 
to GDP. 

• The active eIF2/GTP complex must be 
regenerated by exchanging of the GDP for GTP.

Regeneration of eIF2 is important to 
keep translation going in the cell



Translation elongation
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Three steps:
1. aminoacyl-tRNA binding
2. peptide bond formation
3. translocation with the help 

of elongation factors (eEF).

eEF1α brings 
next aminoacyl-
tRNA to the A 
chamber

eEF2 is critical in 
ribosomal  translocation
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In step 2, we add the big 
(previous chain) to the sole 
new amino acid, and not the 
opposite.

(eEFs) use GTP to do their work

(eEFs) use GTP to do their work
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➢ There is an animation for those who 
want to see it; refer to the lecture at 
minute 42:41 

https://www.youtube.com/watch?v=A0iPNXCBl4M


Elongation of the Polypeptide Chain

• During the elongation stage, amino acids are added one by one to the 
preceding amino (N)-terminus to the carboxy (C)-terminus of the growing 
chain.

The C-terminus (attached to 
tRNA in P site before addition 
of upcoming amino acid)

C-terminus of new amino 
acid attached to tRNA in A 
site.

The emerging tip of the 
polypeptide



Termination of Translation

• The codons UAA, UAG, and UGA are the stop signals. They are not 
recognized by any tRNAs, but a release factor protein. 

• The empty A site accepts release factors, which cause the release of the 
polypeptide, and the translation assembly then comes apart.

C-terminus



Corrections from previous versions:

For any feedback, scan the code or click on it.
QR code

for access of 
feedback form

A qr code on a white background

Description automatically generated

Versions Slide # and Place of Error Before Correction After Correction

V0 → V1

22 (can have multiple in one 
mRNA ‘monocistronic') 

(can have multiple in one 
mRNA ‘polycistronic') 

V1 → V2

https://forms.gle/1aenUoAoZwLD2Du97


:Additional Resources:رسالة من الفريق العلمي

ت سمع:رضي الله عنهما قالجابر بن عبد اللهعن

لذكر لا أفضل ا: رسول الله صلى الله عليه وسلم يقول

.إله إلا الله، وأفضل الدعاء الحمد لله
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