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H2 Biology Syllabus 9477 (2025)

Candidates should be able to use the knowledge gained in the following section(s) in new situations or
to solve related problems.

Related Topics Content
DNA Replication DNA structure and function

Learning Outcomes

2A. The Structure of Nucleic Acids and Gene Expression
a. describe the structure and roles of DNA and RNA (tRNA, rRNA and mRNA)

c. Describe how the information on DNA is used to synthesise polypeptides (description of the
processes of transcription, formation of mRNA from pre-mRNA in eukaryotes and translation is
required)

Lecture Outline

I.  Central Dogma of Molecular Biology

Il.  Transcription (Synthesis of RNA)
A. Structure of RNA
B. Overview of Transcription
C. Process of Transcription
D. Features of mMRNA

Ill.  Translation (Synthesis of Polypeptides)
Overview of Translation

Features of the Genetic code
Structure-Function Relationships of tRNA
Structure-Function Relationships of ribosome
Process of Translation

From Polypeptide to Functional Protein

nmmoow>»
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l. Central Dogma of Molecular Biolog

¢+ Central dogma of molecular biology — the flow of genetic information in all cells, from DNA to DNA
and from DNA to RNA to protein. DNA -
synthesis

¢ Genetic information is transferred from DNA to DNA during its (replication)
transmission from generation to generation. S

¢+ Genetic information is transferred from DNA to RNA and then

to protein during its phenotypic expression in an organism. W[:;,WW,%!T{& ik r‘:; ! !/
N

o Information flow is unidirectional. RNA synthesis

o AlIRNAs are transcribed from DNA by transcription. The | nucleotides | (transcription)
base sequence of DNA is ‘copied’ into the messenger
molecule (messenger RNA). RNA

Location: nucleus (eukaryotes only)

protein synthesis
(translation)

o All proteins are ‘copied’ from mRNA by translation.
Three consecutive mRNA nucleotide bases specify one

amino acid in a polypeptide chain using a genetic code PROTEIN
that is the same for all organisms. W
Location: cytoplasm amino acids

Figure 1-2 Essential Cell Biology Ye (© Garland Science 2010)

¢+ Key difference in the flow of genetic information between bacteria and eukaryotes:

Nuclear
envelope

LRNONINON L LT AT

TRANSCRIPTION] | PNA
TRANSCRIPTION| l Dt , l
IV aVavVvey
o N7 N 5
l mRNA | [RNAPROCESSING lpre mRES
ibosome : NS

mRNA

TRANSLATION

Polypeptide

Ribosome
(a) Bacterial cell ; ?
T — Polypeptide

(b) Eukaryotic cell
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o In bacteria, the absence of a
nuclear membrane allows DNA
to share the same space as the
protein synthesising machinery
in cytoplasm.

» This allows translation of
mRNA to begin while
transcription is in progress.

_Polyribosome . -

o In eukaryotes, the presence of a

nuclear _membrane separates Direction of

DNA in the nucleus from the scr;llcmerase transcription E
protein synthesising machinery DNA

in the cytoplasm. \ \L\
» This causes transcription

and translation to take place {

in different space and at Polyribosome

different time. Polypeptide

» The initial RNA transcripts (amino end)

(pre-mRNA) are processed

in_the nucleus before they Ribosome

are permitted to exit the

nucleus as mRNA and be mRNA (5’ end)

translated into a 7108 P o e i P S G

polypeptide. Figure showing transcription and translation occurring simultaneously in

bacterial cytoplasm

Transcription

Definition: synthesis of a RNA molecule with a base sequence complementary to a section of DNA, i.e.
agene.
A gene can be defined as:

a. a segment of DNA with a unique nucleotide/base sequence that encodes information specifying
the construction of a particular RNA molecule / polypeptide chain.

b. aunitof inheritance specifying a particular biological function — phenotype. This unit of inheritance
is located in a fixed position (called locus) on the chromosome. (KIV: Inheritance)

Gene 2
DNAT
molecule
Gene 1
1/ Gene 3
- -
0o/
DNA

3/
‘sﬁ:‘;ﬁ'j“e{ AICICIAIAIAICICIGIARCET
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. Structure of RNA — Intermediaries between DNA and Polypeptide

Similarities between RNA and DNA:

1. Presence of phosphoester bonds between monomers

2. Four different types of nitrogenous bases
Differences between RNA and DNA:

Parameter

RNA

DNA

Molecular mass

Smaller
(20 000 to 2 000 000)

Larger
(100 000 to 150 000 000)

Pyrimidine ratio

AU #G/C #1

Primary ; [
structure 1 polynucleotide strand 2 polynucleotide strands
Variable shapes such as the L-shaped | Almost always a double helical
Shape
structure of tRNA molecule
Purine /

AIT=G/IC=1

Location

Synthesised in nucleus but found
throughout the cell (eukaryotes)

Found almost entirely in the nucleus
and in mitochondria and chloroplasts
(eukaryotes)

Pentose sugar

Ribose

Deoxyribose

Chemical
stability

Less stable — ribose has an additional
reactive 2’0OH group

More stable — deoxyribose lacks 2°0OH
group

Nitrogenous
bases

Adenine, Guanine, Cytosine, Uracil

Adenine, Guanine, Cytosine, Thymine

Basic forms

Several different kinds and sizes, each
with its own function:

1. Messenger RNA (mMRNA)

2. Transfer RNA (tRNA)

3. Ribosomal RNA (rRNA)

4. Small nuclear RNA (snRNA)

Only one basic form, but with an
almost infinite variety within that form

Amount per cell

Varies from cell to cell (and within a
cell according to metabolic activity)

Constant for all cells of a species
(except gametes and spores)
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Analysis of the RNA content of cells has shown the existence of three basic types of RNA, all of which
are involved in protein synthesis. These are messenger RNA, transfer RNA and ribosomal RNA.
All three types are synthesised directly from DNA, which is said to act as template for RNA production,
and the amount of RNA in each cell is directly related to the amount of protein synthesis.

Type of Structure :
RNA Function(s)
¢ Short, linear, single-stranded RNA
Messenaer corresponding to a gene encoded | carries information specifying the amino
RNA g within DNA. acid sequences of proteins from DNA.
(MRNA) ¢+ Has a 5 modified guanine nucleotide | Serves as the template in translation by
and a 3’ poly-A-tail. ribosomes
¢ Is unstable and degraded easily.
¢ Short (70-90 nucleotides), stable RNA
with extensive hydrogen bonds with
complementary bases (A-U, C-G) to
acquire a cloverleaf shape (2D).
'FI;rl\ellzsfer ¢+ Comprises of 3 loops — anticodon loop | Carries specific amino acids to mRNA on
(tRNA) (binds to mMRNA codon), D-loop | ribosome for protein synthesis.
(activating enzyme site) and T-loop
(ribosome recognition site)
¢ And a 3 CCA stem - an amino acid
binding site
¢+ Longer, stable RNA molecules | Plays structural and enzymatic roles in
composing 60% of ribosome’s mass. ribosomes — the sites of protein synthesis
¢+ Has varied 3D conformations. e structural component of ribosome and
Ribosomal contribute to the structure of the
RNA binding sites for binding of MRNA and
(rRNA) rRNA
e as ribozyme that -catalyses the
formation of peptide bond between
amino acids
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DNA polynucleotide strand

| T-A pairs have two

RNA polynucleotide strand
In RNA, wracil (U)

e hydrogen bonds. 2 replaces thymine (T)

- ] " :
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C-G pairs have three
hydregen bonds,
DNA has deoxyribose

sugar (no oxygen here)

o
Il
|

o
1

The strands run in opposite
directions; they are antiparallel

Structural differences between DNA and RNA
B. Overview of Transcription

o

1. Transcription results in the formation of single-stranded RNA molecules. Only one strand of any DNA
molecule is transcribed. Which of the two strands is being used as the template?
Template strand

sequence on this DNA strand is complementary to that of the RNA
O

serves as the template for synthesis of RNA molecules
Non-template strand

o

sequence on this DNA strand is the same as that of the RNA, except that the nitrogenous base
hymine in DNA is replaced with uracil in RNA

Template strand
RNA of gene 2
Unwinds_— : . 5/ | —
T —g ,3N % Rewinds ‘P{fcgggﬁ;w“ \
NS e \ . ~ G G A ,
5'\/\ ‘k 404tGGAUGC P;‘ ./\J\ﬁ./\ (} ‘\U { _;-\/\u 5
3’ DNA T/\T&CCTACG 5/ s \—’ 3
RNA” [ Istrand  gNA [ lstrand ‘RNA
polymerase of gene 1 of gene 2 polymerase
I | | |
Gene 1 Gene 2
For your information:
[ ]

The template strand is also called the antisense strand or non-coding strand.
The non-template strand is also known as the sense strand or coding strand because its sequence
matches the RNA transcript.

River Valley High School

Lecture Topic 8: Transcription and Translation

2025 JC1 H2 Biology



2. Transcription is conservative — the deoxyribonucleotide sequence being transcribed is conserved and
is not changed by the process of transcription.

3. Synthesis of the RNA molecule can only be in the 5’ to 3’ direction.
It is antiparallel to the template DNA strand, which is read in the 3’ to &’ direction.

4. The nucleotide sequence of the RNA chain is determined by the complementary base-pairing between
the incoming nucleotides and DNA template.

DNA base sequence: 5 ACTGACTG 3
RNA base sequence: 3 UGACUGAC %

5. The segment of the DNA molecule which is transcribed into a single RNA molecule is known as the
transcription unit, which starts at the promoter and ends at the terminator.

Upstream Downstream
Nontemplate
strand . Promoter . RNA-coding region q
™~ | -

5»\_ E - 3
DNA 3 2
Template Transcription Terminator” Transcription
strand start site termination site

RNA transcript 5' I 3’

6. Transcription requires the presence of the enzyme — RNA polymerase.

o A complex molecule composed of several subunits with several functions. For example,
promoter binding, template binding, nucleotide binding and transcription initiation.

o Recognises and binds to the promoter in the DNA template.

o Unwind the DNA helix just upstream of the site for polymerisation to expose a new region of the
template strand for complementary base-pairing.

o Caninitiate RNA synthesis without a primer (unlike DNA polymerase).

o Catalyses the formation of phosphoester bonds that link the ribonucleotides together to form a
RNA chain.

o Transcription of the DNA template continues until the termination sequence.

7. A single gene can be transcribed simultaneously by several molecules of RNA polymerase.

o Unlike a newly formed DNA strand, RNA strand does not remain hydrogen-bonded to the DNA
template. It dissociates from the DNA template as it is being synthesised.

o Assoon as the first few bases of a DNA template sequence have been transcribed, they are free
to be bound by another RNA polymerase for transcription to form a new RNA strand.

o This increases the amount of RNA transcribed, thus helping the cell to synthesise the encoded
protein in large amounts.

o The number of simultaneous transcriptions possible depends ultimately on the availability of RNA
polymerase.

/ RNA polymerase

Rewinding Unwinding

/ Coding strand

3

/ Template strand

RNA-DNA hybrid B Hongation
helix site

Nascent
RNA

5 ppp Mavement

of polymerase

®1998 GARLAND PUBLISHING
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8. Post-transcriptional modification is needed for eukaryotic mMRNA.

o Inaeukaryotic cell, because of the presence of a nuclear membrane, ribosomes cannot translate
the RNA messages as they are being transcribed. These RNA need to be extensively modified
/ processed before they are transported to cytoplasm.

C. Process of Transcription

¢ The process of transcription involves three stages:

1. Initiation Figure 17.7-3

Promoter TranstA:ription unit
2. Elongation s [ H -
L 3 = > 5'
3. Termination \’T" Start point
RNA polymerase
@ Initiation poy
5 ’ - - 3’
3’ '\\/ /\/ I 5
Unwound’  'RNA Template strand of DNA
DNA transcript
9 Elongation
Rewound

S

, DNA y = .
. :;_‘7773.,_ 3

3 J
S'y\;”/// Direction of
RNA

) transcription
transcript (“downstream”)

0 Termination
5 .
31 I I

oo

3' a

-

5
Completed RNA transcript

o,

v

© 2014 Pearson Education, Inc.

*+ Note that transcription is the general term for the synthesis of any kind of RNA on a DNA template.
Here, we are only looking at transcription to form mRNA, which conveys genetic information from
DNA to polypeptide.

1. Initiation of Transcription

1. RNA polymerase recognises and binds to the promoter of the gene on DNA.

o Promoter: region on DNA where RNA polymerase binds and initiates transcription
» Determines which of the two DNA strands is used as a template

» Contain the transcription start point / site (i.e. the nucleotide where RNA synthesis actually
begins)

» Certain sections of a promoter are especially important for binding RNA polymerase. For
example, the TATA box. Why TATA box?

2. RNA polymerase breaks the hydrogen bonds between complementary base-pairs of the DNA double

helix.

The DNA double helix unwinds and the two DNA strands separates

One of the DNA strands acts as a template for the formation of mMRNA.
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2.

Elongation of Transcription

1.

2
3.
4

w

Free ribonucleoside triphosphates / ribonucleotides are aligned along the DNA template strand

according to complementary base-pairing rule, i.e. A-U, T-A, G-C.

RNA polymerase catalyses the linkage of ribonucleotides via phosphoester bond.

RNA polymerase catalyses elongation of the RNA in the 5' to 3' direction by adding ribonucleotides
to the free 3’ OH end of the growing RNA molecule.

The separated DNA strands rewind into the double helix behind the RNA polymerase.

Nontemnplate strand
RN& polymerase \\

Riborucleotide

Template strand
1 -

Direction of transcription

. Termination of Transcription

D. Features of mRNA

Transcription proceeds until after the RNA polymerase transcribes a termination sequence in the
DNA.

RNA polymerase detaches from the DNA molecule. mRNA is released.

Watch this animation for
the transcription process

¢

An RNA polynucleotide strand corresponding to a given segment of DNA of an organism, which codes
for a polypeptide.

Relatively unstable — it is continually being synthesised and degraded.

The minimum length of an mMRNA is set by the length of the polypeptide chain for which it codes, i.e.
the amount of genetic information it meant to encode.

There is very little intra-molecular hydrogen bonding in mRNA — the molecule exists as a fairly linear-
stranded structure.

After transcription, enzymes in the eukaryotic nucleus modify the primary transcript in various ways
before it leaves the nucleus via the nuclear pore.

Post-transcriptional modifications (only for eukaryotes)

1. Each end of a pre-mRNA molecule is modified in a particular way:
a. The 5’end is immediately capped off with a modified form of guanine (G) nucleotide. This 5’ cap
has at least 2 important functions:
i. Helps protect the mRNA from degradation by hydrolytic enzymes
ii. After the mRNA reaches the cytoplasm, the 5’ cap functions as part of an ‘attach here’
sign for ribosomes.
b. Atthe 3’ end, an enzyme makes a poly(A) tail consisting of some 50 to 250 adenine nucleotides
i. Serves to inhibit degradation and probably helps ribosomes to attach to it
. Facilitate export of mMRNA from the nucleus
2. Spliceosome cuts out the introns from the pre-mRNA and joins all the exons together into a continuous
coding strand via process called splicing.
River Valley High School 10 2025 JC1 H2 Biology
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Poly-A signal Termination

sequence region
Exon Intron Exon Intron  Exon
DNA
3 5’
Promoter l Transcription
Poly-A signal
Primary RNA Exon Intron Exon Intron Exon
transcript 5’ 3
(pre-mRNA)
RNA processing:
2 Cap and tail added;
1 introns excised and
Intron RNA S exons spliced together
Codingiegment
L \
mRNA G-®-P)-P)- _AAA-AAA | 3
— Start Stop — A
5 Cap 5 UTR codon codon 3'UTR  Poly-A
(untranslated (untranslated tail

region) region)

. Translation (Synthesis of Polypeptide

Definition: process by which the sequence of codons in mRNA is converted into a sequence of amino
acids in a polypeptide chain

A. Overview of Translation

1.

The genetic information, encoded in mRNA in the form of codons, is decoded into its corresponding
sequence of amino acids in a polypeptide.

The translation process lines the amino acids in the order defined by the nucleotide sequence. The
amino acids are linked together by peptide bonds.

B. Features of the Genetic code

1. T: genetic code consists of triplet of bases (codons) on the mRNA. Each codon specifically codes for
one amino acid (except for “STOP” codons).
o Each codon is written as it appears in the mRNA and is read in a 5’ to 3’ direction.
o There are 64 (43) possible codons, because there are three nucleotides in each codon and there
are four possible bases (A, G, C and U) for each nucleotide position.
o Of the 64 possible codons, 61 code for amino acids and 3 serve as termination signals of
polypeptide synthesis.
2. U: genetic code is universal, i.e. the same codons code for the same amino acids in all species of
organisms.
o Any particular codon represents the same amino acid in all organisms. For example, lysine is
coded for by AAA or AAG in the mRNA of all organisms.
3. N: genetic code is non-overlapping. MRNA sequence is read continuously in a series of triplets
without skipping any nucleotides
4. D: genetic code is degenerate. There are 64 possible codons coding for 20 different amino acids,
hence >1 codons may code for the same amino acid.
o Only 2 amino acids — methionine and tryptophan are coded by a single codon. Most amino acids
are coded for by several codons, up to a maximum of six.
o The codons coding for the same amino acid are similar, particularly in their first two nucleotides.
For example glycine: G
G
G
G
River Valley High School 11 2025 JC1 H2 Biology
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5. Start: “START” codon is AUG, which also codes for the amino acid methionine, and initiates synthesis
of all polypeptide chains.

6. End: “STOP” codons are UGA, UAA and UAG, which do not code for amino acids. They signal the

termination of

translation.

In the Genetic Code, Nucleotide Triplets Specify Amino Acids

non-coding

SUrand ™y
ATG

DNA

AUG

TAC
coding /\_’\

strand

messenger RNA

transfer RNA \

polypeptide @ . . . .

AUG —

amino acid.

\ one amino acid.

messenger RNA  AUG — codon

triplet of DNA — a sequence of 3 bases of DNA which code for one

codon of mMRNA — a sequence of 3 bases of mRNA which code for

UAC ~— anticodon of tRNA - a sequence of 3 bases of tRNA which

correspond to a particular mRNA codon.

a specific sequence of

amino acids (the primary
structure of a protein).

Polypeptide modified e.g. by
folding, to give a functional
protein e.g. enzyme.

Table9.7 The 20 amino acids found in proteins and the genetic code

Aminoacid  Abbrevi-

ation

 aenine Aa
aginne Ag
esparegne  Asn
asparticacid  Asp
cysteine Gys
gulamine G
gtamicacid Glu
gycine Gly
histickne: His
“isoleucine lie
lauche Leu
lyaine Lys
methionine  Met
phenylalanine Phe
profine Pro
senne Set
thweonine Thr
twlophan  Tip
Byvosing Ty
wine Val

The genetic code {the code is given here in terms of the mRNA codons}

first base

second base

9 c A G
LUy ucU UAU ©ueu U
uuc} e uoo| UAC] ™ uec} o ¢
Ul wua ucal ¥  usA’ stop UGA' slop A
UUG] Leu UucG UAG stop UGG T G
cuu CCU) CAU] he O8] g

cuC CCC CAC cas|
€ louaj ¥ ccal PO oy o omp M9 A
cuG CCG GAGI CGG G
AUU ACU AAU AGUT o u
ac| ® o oAcc| o AC An sl
Al aua ACA A} AGA| o A
AUG Mel  ACG MG} ¥s AGG} G
GUU GCU GAU} pp U u
GUC GCC GAC GGG C
G GUA val GCA Na GAA a0 GGA Gy A
GUG GOG GAGE GGG G
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C. Structure - Function Relationships of tRNA

¢ The codons in mMRNA do not directly recognise the amino acids they specify i.e. the nucleotide triplets
do not directly bind to the amino acids.

¢+ The translation of MRNA into polypeptide depends on adaptor molecules that can recognise and bind
both to the codon and to the amino acid. These adaptors consist of a set of small RNA molecules
known as transfer RNA (tRNAs).

¢+ Each of the 20 amino acids found in the cell has at least 1 corresponding tRNA molecule.

¢+ tRNAs are relatively small molecules compared to the other RNA species, having an average of 80
nucleotides per molecule. They constitute about 15% of the total cellular RNA.

¢+ tRNAs acquire a characteristic cloverleaf shape structure at the two dimensional structure. Nucleotide
bases in certain regions of the tRNA strand form hydrogen bonds with complementary bases in the
other regions.

¢ There are three loops — the T loop, the anticodon loop and the D loop.

o Anticodon loop: a specialised base triplet that binds to a specific mMRNA codon via
complementary base-pairing.

o Ribosome recognition site (T loop): makes specific base pairing with rRNA of ribosome

o Activating enzyme site (D loop): site for enzyme (amino-acyl tRNA synthetase) that attaches
tRNA with its specific amino acid

¢ The last three nucleotides (CCA) at the 3’ end of all tRNAs are added on after the transcription of the
tRNAs.

o 3 CCA end is the attachment site for an amino acid.

¢+ The tRNA twists and folds into a compact three-dimensional structure that is roughly L-shaped.

o The anticodon loop extends from one end of the L-shaped tRNA and 3’ CCA end protrudes from
the other end of the L.

o This conformation helps to reduce steric hindrance in the process of translation.

) ) Amino acid
Amino acid _, attachment site

attachment site

w

5

3

FEE0RR 0 0>

anticodon

anticodon

(a) Two-dimensional structure (b) Three-dimensional structure
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D. Structure - Function Relationships of Ribosome

¢+ Ribosomes are the sites for polypeptide synthesis. Its composition is about 60% rRNA and 40%
proteins.

o Ribosomal RNA was the first RNA to be identified, and it makes up approximately 80% of the total
cellular RNA.

o Itis synthesised by genes present on the DNA of several chromosomes found at the nucleolus.

o Following transcription, the primary RNA transcripts are immediately processed to yield shorter
strands of rRNA that complexes with ribosomal proteins to assemble the ribosome.

¢ The structure of the ribosome reflects its function p——
of bringing together mMRNAs with tRNAs carrying mgﬁ’gﬁm p,glyngngﬂg Exit tunnel
amino acids (a.k.a. aminoacyl tRNASs).

¢+ Aribosome is made up of two subunits — the large

and small subunit. Large
subunit
o Small subunit has a binding site for mRNA.
o Large subunit has three binding sites for Small
subunit

tRNA.

i. Peptidyl-tRNA site (P site) holds the
tRNA carrying the growing polypeptide
chain P site

i. Aminoacyl-tRNA site (A site) holdsthe
tRNA carrying the next amino acid to be E site t
added to the chain (Exit site]N - 1‘%‘3}{“%?&1%’?&: site)

ii. Exit site (E site) allows the discharged
tRNA to leave the ribosome.

¢ In doing so, the ribosome holds the tRNA and MRNA
mRNA close together and positions the new binding site subun
amino acid for addition to the carboxyl end of the
growing polypeptide. It then catalyses the
formation of the new peptide bond.

(b) Schematic model showing binding sites

¢+ A single ribosome can synthesise an average Growing polypeptide

sized polypeptide of about 300 amino acids in Amino end
about 15s. Nextamino
il
i i i a
¢ Typically, however, a single mRNA is used to Dolypeptide

chain

%)
make many copies of a polypeptide d,,/

simultaneously, because a number of ribosomes \
work on translating the message at the same N
time. R

¢+ These ribosomes are seen as clusters known as )
polyribosomes, which could be bound to the & )
. . . (c) Schematic modelwith mRNAand tRNA
endoplasmic reticulum of plant and animal cellS. oo @ 2008 Pearson Education. Inc.. pubiishing as Pearson Benjamin Cummings
When ribosomes appear in such aggregates,
they are held together by strands of mMRNA.
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E. Process of Translation

The process of translation requires four steps:
1. Amino acid activation

Initiation

2
3. Elongation
4 Watch this animation for

Termination the translation process

1. Amino acid activation

1. An amino acid is attached to each tRNA molecule at

its 3 CCA end forming aminoacyl-tRNA complex. Amino acid RIINCREYE HNA

synthetase (enzyme)
2. tRNA molecules bind to their specific amino acid as N
determined by their anticodon.

3. This reaction is catalysed by the enzyme
aminoacyl-tRNA synthetase.

o There are about 20 of these enzymes in the cell
— one enzyme for each type of amino acid.

o Specificity is due to the active site of each type
of aminoacyl-tRNA synthetase fits only a
specific combination of amino acid and tRNA.

tRNA

Aminoacyl-tRNA
synthetase

o The synthetase catalyses the covalent
attachment of the amino acid to its tRNA in a
process driven by hydrolysis of ATP.

Computer model

Aminoacyl-tRNA
(“charged tRNA”)

Crerietst € 20NA Pasrscn Fravation e rublshinn as Paarsnn Ranamn Dovenn
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2. Initiation of polypeptide formation

1. mRNA molecule binds to a small ribosomal subunit.

o Initiation begins when the 5’ cap of the mRNA fits into a special binding site (MRNA binding site)
on the small ribosomal subunit.

o The small ribosomal subunit translocates downstream in search of the AUG start codon, where
translation of the coding region of the mRNA must begin.

2. The anticodon of the initiator tRNA (initiator tRNA already has a methionine attached to it) binds to
the start codon on the mRNA.

3. The large ribosomal subunit then binds to the small ribosomal subunit, forming the initiation complex.

Large
ribosomal
subunit

Initiator
tRNA
mRNA

5’ i1

Small

mRNA binding site ribosomal Translation initiation complex
subunit

Copyright © 2008 Pearson Education. Inc.. publishing as Pearson Benjamin Cummings,

3. Elongation of polypeptide

1. Anticodon of an incoming tRNA molecule carrying its amino acid pairs with the mRNA codon in the
aminoacyl-tRNA site (A site) of the ribosome.

o An elongation factor ushers the tRNA into the A site. This step involves the hydrolysis of two
molecules of GTP.

2. Ribozyme / peptidyl transferase catalyses the peptide bond formation between the amino acid
carried by the tRNA in the A site with the amino acid/polypeptide bound to tRNA in peptidyl-tRNA
site (P site).

o In this step, the polypeptide separates from the tRNA to which it was attached, and the amino
acid at its carboxyl end bonds to the amino acid carried by the tRNA in the A site.

3. Theribosome translocates (moves) the tRNA in the A site, with its attached polypeptide, to the P site,
taking the mRNA along with it.

4. The tRNA that was in P site moves to exit site (E site) and from there, leaves the ribosome.
o Intranslocation, the ribosome shifts the mRNA by one codon.
o The translocation step requires energy, which is provided by hydrolysis of a GTP molecule.

5. The mRNA is moved through the ribosome from the 5’ to 3’ direction (only) on the mRNA.

6. Elongation cycle is repeated until ribosome reaches a stop codon.
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mRNA codon in the A site. Hydrolysis
of GTP increases the accuracy and
efficiency ofthis step.

) ® Codon recognition. The anticodon
Aminoend @ _om of an incoming aminoacy! tRNA
of polypeptideds =S /) base-pairs with the complementary

Ribosome ready for >
next aminoacyItRNA/ b

@ Peptide bond formation. An
rRNA molecule of the large
subunit catalyzes the formation
of a peptide bond between the
new amino acid in the A site and
the carboxyl end of the growing
polypeptide in the P site. This step
attaches the polypeptide to the
tRNA in the A site.

@ Translocation. The ribosome
translocates the tRNA in the A
site to the P site. The empty tRNA
in the P site is moved to the E site,
where itis released. The mRNA
moves along with its bound tRNAs,
bringing the next codon to be
translated into the A site.

4. Termination of polypeptide formation

1. Release factor binds directly to the stop codon in the A site.

2. Release factor causes addition of a water molecule.

3. This reaction hydrolyses the completed polypeptide from the tRNA and freeing the polypeptide from
the ribosome.

4. Translational complex disassembled.

Polypeptide chain folds into its unique 3-dimensional conformation.

Release

factor

Free
polypeptide

5!
S
-3
Stop codon ‘
(UAG, UAA, or UGA)

@ When aribosome reaches a stop @ Thereleasefactorhydrolyzes € The two ribosomal subunits
codon on mRNA, the A site of the the bond between the tRNA in and the other components of
ribosome accepts a protein called the P site and the last amino the assembly dissociate.
arelease factorinstead of tRNA. acid of the polypeptide chain.

The polypeptideis thus freed
fromthe ribosome.
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Types of ribosomes

1. Free Ribosomes
o Free ribosomes are suspended in the cytoplasm.

o They mostly synthesise proteins that stay in the cytoplasm and exert their effects in the
cytoplasm.

2. Bound/Fixed Ribosomes

o Bound ribosomes are attached to the cytoplasmic side of the endoplasmic reticulum (ER).

o They synthesise proteins of the endomembrane system (i.e. the nuclear envelope, E.R.,
Golgi apparatus, lysosomes, vacuoles, and cell surface membrane) as well as proteins
secreted from the cell.

o The polypeptides of proteins destined for the endomembrane system or for secretion are
marked by a signal peptide, which targets the polypeptides to the ER.

o The signal peptide, a sequence of about 20 amino acids at or near the N-terminal of the
polypeptide, is recognised as it emerges from the ribosome by a protein-RNA complex called
a signal-recognition particle (SRP).

o The SRP functions as an adaptor that brings the ribosome to a receptor protein built into the
ER membrane.

o Polypeptide synthesis continues there, and the growing polypeptide moves across the
ER membrane into the cisternal space via a protein pore.

@ Polypeptide ©) AnSRPbindsto € The SRP binds to a receptor @) The SRP leaves, and € The signal- O The rest of
synthesis begins the signal peptide, protein in the ER membrane. the polypeptide resumes  cleaving enzyme the completed
on a free ribosome  halting synthesis This receptor is part of a protein  growing, meanwhile cuts off the signal  polypeptide leaves
in the cytosol. momentarily. complex (a translocation translocating across the  peptide. the ribosome and
T complex) that has a membrane membrane. (The signal folds into its final
pore and a signal-cleaving peptide stays attached to conformation,
enzyme, the membrane.}

Ribosorme

mMRNA

Signal
peptide
ER
Siana) membrane
Ignal-
recognition
Farti)cle ; y 5 : Protein
SRP, 3
SRP
recepter
CYTOSOL  protein

FIGURE 17.21 The signal mechanism for peptide, a series of amino acids that targets it protein is further processed. Finally, a transport
targeting proteins to the ER. A polypeptide for the ER. This figure shows the synthesis of a vesicle conveys it to the plasma membrane for
destined for the endomembrane system or for secretory protein and its simultaneous import release from the cell (see FIGURE 8.8).
secretion from the cell begins with a signal into the ER. In the ER and then in the Golgi, the
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F. From Polypeptide to Functional Protein

Post-translational Modification

The process of gene expression is not over when the genetic code has been used to create the sequence
of amino acids that constitutes a protein. To be able to perform its designate cellular function, the new
polypeptide chain:

1.

o g M w DN

May be divided into several pieces.

May have a major portion of the polypeptide removed. For example, proteolytic cleavage in insulin.

Needs to fold into its unique three dimensional conformation.

Joins correctly with the other protein subunits which it functions.

Binds any small molecule that is required for its activity.

Is appropriately modified by protein kinases or other protein modifying organelles. Phosphate
groups (via phosphorylation) and sugar groups (via glycosylation) may be added.

Figure 3-36 Proteolytic cleavage in
insulin assembly. The pelypeptide
hormone insulin cannot spontaneously
re-form efficiently if its disulfide bonds are
disrupted. It is synthesized as a larger
protein (proinsulin) that is cleaved by a
proteolytic enzyme after the protein chain
has folded into a specific shape. Excision
of part of the proinsulin polypeptide chain
removes some of the information needed
for the protein to fold spontanecusly into
its normal conformation once it has been
denatured and its two polypeptide chains
separated,
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Summary of protein synthesis in an eukaryotic cell
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