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« Translation: The process of making proteins
from mRNA.

* Protein synthesis involves interactions
between ribosomes with three types of

RNA molecules:
* tRNAs (carry the Amino acids)

* rRNAs (important for structure, &
catalyzes connecting to amino acids)

* mRNA templates (the main molecule)



 Colinearity of genes, mRNAs, & proteins

A continuous sequence of
nucleotides in the DNA...

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
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the protein in the same specific region. T T S

of amino acids in the protein.

Polypeptide
chain
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With colinearity, the number of nucleotides
in the gene is proportional to the number
of amino acids in the protein.



. mRNA is read by tRNA in triplets

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

* tRNAs are short single-stranded RNA
molecules (80 bases long).

tRNA structure looks like a clover leaf
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* “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 ), whichis
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).
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(DO NOT MEMORIZE THE WHOLE TABLE)
Genetic Codon Chart

U

C

A Hydrophobic amnio acids

G

U ~ Cysteine

G

A tRNA reads mRNA as triplets (codons).

G We have 64 probability of different triplets

U (codons) to encode 20 amino acids.

C These codons are at the mRNA not the tRNA.

A Amino acids cluster in groups ( hydrophobic

G amino acids, hydrophilic amino acids, etc...), so its

5 not random, which reduces the impact of

= mutations.

A » AUG codes for methionine and it’s the first

S codon in the translation. (¢
» UAA 7/ UAG / UGA => stop codons. UGA = Ul fle s Loy

UAG = ole s Ul Ly
UAA = & hadl Ul L



. 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.

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 mMRNA (mtDNA) is typical of the universal
code except for a few variants.

5" UTR Open reading frame 3’ UTR
RNA 9 [ B 3’
AUG UAA, UAG or UGA
(start codon) (stop codon)

open-reading frame: A stretch of nucleotide sequence that encodes a polypeptide excluding the stop codons.



. Codon vs. anticodon

* tRNAs contain a three-nucleotide sequence known as “anticodon” that pairs in
an anti-parallel manner with the “codon” of mMRNA molecules.
(an anticodon is the part that recognizes the genetic codon)
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D Fidelity Of tra nS|atiOn (Translation’s accuracy)

Accurate translation requires two steps:

First: accurate association of amino acid to tRNA
Second: a correct match between the tRNA ‘s anticodon and the mRNA’s codon

_~ tRNA anticodon loop

Anticodon
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1 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.
_~ tRNA anticodon loop

Anticodon

Wobble position
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. Examples of wobble base pairing

* Relaxed base pairing results from the formation of G-U base pairs.
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If we have a mutation in the third nucleotide, the amino
acid will change but most probably the type of amino
acid will be the same (hydrophobic here), so it gives
some protection to the cell.
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] Ribosomes

* Ribosomes are the sites of protein synthesis (they 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.

P— The peptidyl transferase reaction of a peptide bond is
catalyzed by the rRNA of the large ribosomal subunit.

rRNA acts as an enzyme, while protein provide
Growing structural support.
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] Ribosome structure

Prokaryotic 70S ribosome

23S and
5S rRNAs
s (34 proteins)
» Prokaryotes and eukaryotes share a o~ 16S rRNA
similar ribosome structure, (21 proteins)
consisting of large and small
subunits.
» The weight and the composition of | |
both ribosomes in prokaryotes and Enenpicaisnbeseme
eukaryotes are almost the same. 288, 5.88,
and 5S rRNAs
(~46 proteins)
18S rRNA

(33 proteins)




J 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.

» Proteins (they provide

» rRNA (they are in the structural support and
middle of the ribosome). enhance the function
> Peptide synthesis take place of the rRNA
molecules).

around rRNA molecules.
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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).
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For any feedback, scan the code or click on it.
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