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Transcription and Translation

Fig. 15.5

Types of RNA



2

Transcription trees

Only one strand transcribed -
different directions

Transcription unit Nucleotide Triphosphates
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Transcription 5’ to 3’ RNA Polymerase

Core enzyme to holoenzyme Bacterial promoters

Consensus
sequences
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Termination-
rho
independent

Rho
dependent
termination
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Eukaryotic promoter

Consensus sequences

RNA Polymerase II
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RNA polymerase I promoters

RNA
Polymerase
III promoters

RNA pol III RNA pol III

RNA pol III Colinearity - Number and kind of
nucleotides corresponds to the
number & kind of amino acids
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Intervening
sequences

Loops represent introns
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Do ribosomes
carry genetic
information?

Only old ribosomes were
found in culture

RNA structure

5’ cap

7 mG cap Poly A cleavage
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Non poly A splicing Intron structure

Intron splicing
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Intron processing & transcription

Group 1
introns -
self splicing

Group 1
intron
removal

Group 2 introns
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Group 2
intron
splicing

Calcitonin - Alternative splicing

RNA editing
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Interleukin 2 gene
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Modified bases in tRNA tRNA structure

tRNA processing
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Fig. 15.3

Fig. 15.4

Adapter molecule

Every three bases is a reading frame

Fig. 15.6a
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Breaking the genetic code

The genetic code is redundant
2 bases per codon 4x4=16
3 bases per codon 4x4x4=64

Mixed copolymers decipher the code

Synthesize RNA
Add A and C at a ratio of 1:5
1/6 chance for A
5/6 chance for C
AAA = (1/6)3 or 0.4% chance
AAC = (1/6)2 (5/6)  or 2.3%

Determine the amino acids produced compare
to the expected base upon the reading frame

Fig. 15.6b

Exceptions to the universal code Translation summary
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Luciferin + ATP (Luciferase) Fibroin (spider webs)

Caster beans (Ricin)
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Fig. 15.7 Fig. 15.8
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Fig. 15.10

Fig. 15.11 Fig. 15.12

4 tRNA binding sites on the ribosome

T = transfer
A = amino acid
P = polypeptide
E = exit
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Initiation

Fig. 15.13

Elongation

Elongation

Release factor
binds in the A
site, releasing
the polypeptide
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Fig. 15.14

Termination

Wobble
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Amino acid
attachment

Position in red
(one
synthetase),

green (more
than one)

Blue (all
synthetases)

Attaching the Amino Acid Attaching the Amino Acid
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Dynamic equalibrium

IF-3 binds
30s binds to Shine-
Dalgarno
fMet, IF-2 & GTP
IF-1

30s initiation
complex
40s binds
complete 70s

Shine Dalgarno consensus sequences

Elongation steps
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Termination
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Fig. 15.15a
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Fig. 15.15b

Fig. 15.16a Fig. 15.16b

Fig. 15.16c Fig. 15.16d
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Fig. 15.16e Fig. 15.16f

Signal sequences direct
proteinsSignal sequences are short sequences at the N-terminus or in

the middle that direct the proteins

ER targeting of proteins
1. SRP bind signal
recognition sequence
2. Docks it to the
receptor protein on
the ER
3. Signal recognition
sequence is cleaved
4. Protein is
synthesized into the
ER
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Post-translational modifications
Fig. 15.17a

Typically a single mRNA is used to make many
copies of a polypeptide simultaneously.

Multiple ribosomes, polyribosomes, may trail
along the same mRNA.

A ribosome requires less than a minute to translate
an average-sized mRNA into a polypeptide.

Fig. 15.17b

In one big
differences,
prokaryotes can
transcribe and
translate the
same gene
simultaneously.

The new protein
quickly diffuses to
its operating site.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

Fig. 17.22
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Missense mutations are those that still
code for an amino acid but change the
indicated amino acid.

Nonsense mutations change an amino
acid codon into a stop codon, nearly always
leading to a nonfunctional protein.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

Mutations
Permanent changes in the DNA
sequence

Somatic - non gamete cells
Germ-line mutations

Point mutations - substitution or
deletion/addition of a nucleotide

Silent (no change)
missense (sickle cell)
Nonsense (Stop)
Frame shift

Chromosome mutation - loss or
change in a DNA segment

Insertions and deletions are additions or
losses of nucleotide pairs in a gene.

Unless these mutations occur in multiples
of three, they cause a frameshift
mutation.
All the nucleotides downstream of the deletion

or insertion will be improperly grouped into
codons.

The result - missense, ending sooner or later
in nonsense - premature termination.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

Insertion or
deletion

Substitution

Spontaneous and induced mutations
Tautomeric C pairs
with A

Base modifications
by chemicals or
radiation

benzpyrene
Nitrates
X-rays
UV light
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Mutagens are chemical or physical agents that
interact with DNA to cause mutations.

Physical agents include high-energy radiation like
X-rays and ultraviolet light.

Chemical mutagens
base analogues
DNA insertion - distorting the double helix.
chemical changes in bases that change their pairing

properties.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

Researchers have developed various
methods to test the mutagenic activity of
different chemicals.
preliminary screen of chemicals to identify

those that may cause cancer.
most carcinogens are mutagenic and most

mutagens are carcinogenic.
Ames Test

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

Mutation propagation For example, sickle-cell disease is caused by a
mutation of a single base pair in the gene that
codes for one of the polypeptides of hemoglobin.
A change in a single nucleotide from T to A in the DNA

template leads to an abnormal protein.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings

Fig. 17.23

Overview

The one gene-one polypeptide definition must be
refined and applied selectively.
Most eukaryotic genes contain large introns
Promotors and other regulatory regions are not

transcribed, but they must be present for transcription
to occur

must include RNA that is not translated into
polypeptides.

A gene is a region of DNA whose final product is
either a polypeptide or an RNA molecule.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings
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The End.


