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Fig.25.10 : Complementary binding of codon
(of MRNA) and anticodon (of tRNA).
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other in antiparallel direction (5" — 3’ of mMRNA with
3’ = 5" of tRNA). The usual conventional
complementary base pairing (A=U, C=G) occurs
between the first two bases of codon and the last
two bases of anticodon. The third base of the codon
is rather lenient or flexible with regard to the
complementary base.

Wobble hypothesis

Wobble hypothesis, put forth by Crick, is the
phenomenon in which a single tRNA can recognize
more than one codon. This is due to the fact that the
third base (3’-base) in the codon often fails to
recognize the specific complementary base in the
anticodon (5’-base). Wobbling is attributed to the
difference in the spatial arrangement of the 5'-end of
the anticodon. The possible pairing of 5’-end base of
anticodon (of tRNA) with the 3’-end base of codon
(MRNA) is given

Anticodon  Codon
i : 8 }Cnnvantinnal base pairing
U — G OorA Non-conventional base
G — U orC } (coloured) pairing

Wobble hypothesis explains the degeneracy of the
Benetic code, i.e. existence of multiple codons for a
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PROTEIN BIOSYNTHESIS

The protein synthesis which involves the

frr111qlnri:1n of nucleotide base sequence of mRNA
'nto the language of amino acid sequence may be
divided inte) the following stages for the convenience
Of understanding,

l. Requirement of the components
Il. Activation of amino acids

lll. Protein synthesis proper

IV. Chaperones and protein folding
V. Post-translational modifications.

. REQUIREMENT OF THE COMPONENTS

The protein synthesis may be considered as a
biochemical factory operating on the ribosomes. AS
a factory is dependent on the supply of raw materi als
to give a final product, the protein synthesis also
requires many components.

1. Amino acids : Proteins are polymers of amino
acids. Of the 20 amino acids found in protein
structure, half of them (10) can be synthesized by
man. About 10 essential amino acids have to be
provided through the diet. Protein synthesis can
occur only when all the amino acids needed for a

particular protein are available.

As regards prokaryotes, there is no requirement
of amino acids, since all the 20 are synthesized from
the inorganic components.

2. Ribosomes : The functionally active
ribosomes are the centres or factories for protein
synthesis. Ribosomes may also be considered as
workbenches of translation. Ribosomes are huge

complex structures (70S for prokaryotes and 80S for
eukaryotes) of proteins and ribosomal RNAs. Each
ribosome consists of two subunits—one big and one
small. The functional ribosome has two sites—A site
and P site. Each site covers both the subunits. A site
is for binding of aminoacyl tRNA and P site is for
binding peptidyl tRNA, during the course of
translation. Some authors consider A site as acceptor
site, and P site as donor site. In case of eukaryotes
there is another site called exit site or E sjte. Thuaf,
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cukarvotes contain three sites (A, P and E) on the
nbosomes.

The ribosomes are located in the cytosomal
'raction of the cell. They are found in association
with rough endoplasmic reticulum (RER) to form
clusters RER—ribosomes, where the protein synthesis

occurs. The term polyribosome (polysome) is used
when several ribosomes simultaneously translate on
a single mRNA (Fig.25.11).

3. Messenger RNA (mRNA) : The specific
information required for the synthesis of a given
protein is present on the mRNA. The DNA has passed
on the genetic information in the form of codons to
MRNA to translate into a protein sequence.

4. Transfer RNAs (tRNAs) : They carry the amino
acids, and hand them over to the growing peptide
chain. The amino acid is covalently bound to tRNA
at the 3’-end. Each tRNA has a three nucleotide base
sequence—the anticodon, which is responsible to
recognize the codon (complementary bases) of mRNA
for protein synthesis.

In man, there are about 50 different tRNAs
whereas in bacteria around 40 tRNAs are found.
Some amino acids (particularly those with multiple
codons) have more than one tRNA.

5. Energy sources : Both ATP and GTP are
required for the supply of energy in protein synthesis.

6. Protein factors : The process of translation
involves a number of protein factors. These are
needed for initiation, elongation and termination of
protein synthesis. The protein factors are more
complex in eukaryotes compared to prokaryotes,

II. ACTIVATION OF AMINO ACIDS

Amino acids are activated and attached to IRNAs in
a two step reaction. A group of enzymes—np amely

aminoacyl tRNA synthetases—are required for 1+ -

process. These enzymes are highly specific ior 1he
amino acid and the corresponding tRNA,

The amino acid is first attached to the enzyme
utilizing ATP to form enzyme-AMP-amino acia
complex. The amino acid is then transferred -
the 3" end of the tIRNA to form aminoacy! tRNA
(Fig.25.12).

lll. PROTEIN SYNTHESIS PROPER

The protein or polypeptide synthesis occurs on
the ribosomes (rather polyribosomes), The mRNA
is read in the 5’— 3’ direction and the
polypeptide synthesis proceeds from N-

trr-m:inai‘ end to C-terminal end. Translation is
directional and collinear with mRN

The prokaryotic mRNAs are po
a single mRNA has many coding reg
for different polypeptides. In contra

mMRNA is monocistronic, since it code
polypeptide.

C, since
that code
ukaryotic
a single

primary transcript (hnRNA) formed from DNA
undergo several modifications to generate funct

Un-::!ﬂrstund for quite sometime. For these reasons.
majority of the textbooks earlier used to describé
translation in prokaryotes in detail, and give most
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‘NITIATION OF TRANSLATION

Ihe initiation of translation in Eukﬂmm:!;
“Omplex, involving at least [en et

initiation factors (elFs). Some of the elfs contain

muIIIIJIE' 'I,-i"ﬂ] EUhunitE* ThE prﬂEEEE I:]'f trﬂnift;;r
Ini"dlil']-ﬂ Can h"l':." dl:'l...l'idEd Iinto fﬂl..ilr 5t'E'F1'5 {FIS-.? F :

I. Ribosomal dissociation.
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Flg.25.14 : Protein biosyninesis - Elongation and termination (for initiation See Fig. 25.13). Met-Methioni"®
P-site — Peplidyl IRNA binding site; A-site - Aminoacyl tRINA binding site. AA-Amino acid,
EF*Eﬁsilgahnn lactor; HF-HE!aasmg factor.
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