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Essential idea:
• Genetic information in DNA can be accurately copied
and can be translated to make the proteins needed by
the cell.

Molecular Biology
2.7- DNA Replication,
Transcription, and Translation

Nature of science:
• Obtaining evidence for scientific theories
– Meselson and Stahl obtained evidence for the semiconservative replication of DNA. (1.8)

Meselson

Stahl

Steps in DNA Replication
•

Begins at a specific
sequence of
nucleotides (origins of
replication)
Helicase

•
–
–

–

DNA Replication Overview
• The replication of DNA is semi-conservative and depends on
complementary base pairing.
• Helicase unwinds the double helix and separates the two strands by
breaking hydrogen bonds.
• DNA polymerase links nucleotides together to form a new strand, using the
pre-existing strand as a template.

Steps in DNA Replication
• RNA primer
– must be bound to DNA segment to begin replication.
– Short segments of RNA (10 nucleotides long) formed by primase.

Breaks hydrogen bonds
between paired bases.
Unwinds parent DNA
strand.

Single-strand binding
proteins keep the
strands apart.
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Steps in DNA Replication
• Free nucleotides (Nucleoside triphosphates) bind with
complementary bases on unzipped portions of DNA.
–
–
–
–

Steps in DNA Replication
•

–
–

New strands grow in the 5’ 3’ direction.
3’ end contains hydroxyl.
5’ end contains phosphate.
Process is catalyzed by DNA polymerase.

–
–

Polymerase Chain Reaction (PCR)
• Uses Taq polymerase
– A thermostable DNA polymerase named after the thermopile bacterium
Thermus aquaticus.

DNA Polymerase can only elongate at 3’ end.

Polymerase Chain Reaction (PCR)
• Occurs in a thermal cycler and involves a repeat procedure of 3
steps:
1. Denaturation: DNA sample is heated to separate it into two strands
2. Annealing: DNA primers attach to opposite ends of the target sequence
3. Elongation: A heat-tolerant DNA polymerase (Taq) copies the strands

• Produces large quantites of a specific target sequence of DNA.
• It is useful when only a small amount of DNA is avaliable for
testing.

Functions of RNA

Polymerase Chain Reaction (PCR)
•
•

One cycle of PCR yields two identical copies of the DNA
sequence
A standard reaction of 30 cycles would yield 1,073,741,826
(230)copies of DNA

Continuous synthesis creates a leading strand.
Discontinuous synthesis of the complementary strand creates a
lagging strand.
Lagging strand produces Okazaki fragments.
Fragments are linked by DNA ligase. (start at 1:43)

•
•
•
•

Messenger RNA (mRNA) takes a message
from DNA in nucleus to ribosomes in
cytoplasm.
Ribosomal RNA (rRNA) and proteins make
up ribosomes where proteins are
synthesized.
Transfer RNA (tRNA) transfers a particular
amino acid to a ribosome.
RNAi (interference)
–
–

Regulation of gene expression at the level of
mRNA transcription.
Includes miRNA (micro) and siRNA (small
interferring)

Do HHMI simulation of PCR
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Transcription Overview
• Transcription is the synthesis of mRNA copied from the
DNA base sequences by RNA polymerase.
• Takes place in the nucleus

Steps of Transcription
•
•

•
•

Steps of Transcription
•
•
•

RNA polymerase covalently bonds RNA nucleotides.
Terminator sequence causes RNA polymerase to stop
transcribing DNA, and to release mRNA
Many copies of mRNA are made from the DNA molecule at
the same time.

RNA polymerase attaches to a
promoter on DNA.
Promoter defines start of gene,
direction of transcription, and
strand copied. (TATA Box in
Eukaryotes)
Transcription factor is needed
for polymerase to bind to DNA.
Complementary RNA
nucleotides pair with DNA
nucleotides of the strand.

Post Transcription Modification
•
•
•

Addition of a GTP cap (modified guanine)
Addition of a poly-A tail
Excision of introns (by spliceosomes)
–
–

The Genetic Code

The Genetic Code
• Codons are three sequential bases on mRNA correspond to
one amino acid in a polypeptide.
• mRNA triplets(codons) are the genetic code.
– Code for an amino acid or stops translation.

• There are 64 codons (43=64)

Exon is portion of mRNA transcript eventually expressed.
The simpler the eukaryote, the less likely that introns will be present.

•
•
•
•

64 mRNA triplets code for 20 amino acids.
Each codon has only one meaning.
There is one start codon and three stop codons.
The Code Is Universal

–
–
–

Suggests the code dates to very first organisms.
Once established, changes would be very disruptive.
The universality of the genetic code allows gene transfer between
species.
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Translation
• Translation is the synthesis of polypeptides on ribosomes.
• Takes place in cytoplasm.
• The amino acid sequence of polypeptides is determined by
mRNA according to the genetic code.

Translation
•

Translation depends on complementary base pairing between
codons on mRNA and anticodons on tRNA.
One language (nucleic acids) is translated into another
language (protein)

•

Steps of Translation

Steps of Translation
•

Chain Initiation
–
–

–

•

Chain Elongation
–
–

Small ribosomal subunit
attaches to mRNA at the
start codon (AUG).
First or initiator tRNA
pairs with this codon; then
large ribosomal subunit
joins to small subunit
Initiation factor proteins
are required to bring
necessary components
together

–

Steps of Translation

Steps of Translation
–
–
–

The tRNA molecule in the P
site leaves.
Translocation occurs when
tRNA, moves from site A to P.
As ribosome has moved
forward three nucleotides,
there is new codon located at
empty A site.

New tRNA arrives at A site
Amino acid at P site is
attached by a peptide bond to
the newly arrived amino acid.
Reaction is catalyzed by a
ribozyme of the larger
subunit.

•

Chain Termination
–
–
–
–

Occurs at stop codon that does not code for amino acid.
Release factor protein binds to stop codon.
The polypeptide is enzymatically cleaved from the last tRNA.
tRNA and polypeptide leave the ribosome, which dissociates into its
two subunits.
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Polyribosomes
•
•

How is DNA Replicated

Remember- Proteins are not synthesized one at a time as
each protein finishes production.
Polyribosomes are clusters of several ribosomes
synthesizing the same protein

• Is Replication Conservative, Semi-conservative, or
Dispersive?

End

How is DNA Replicated
•

Matthew Meselson and Franklin Stahl (1958)
– Confirmed a model of DNA replication.
– They grew bacteria with heavy nitrogen ( 15N), then
switched to light nitrogen (14N)

Meselson

How is DNA Replicated
•
•
•

After one division, only hybrid DNA molecules were in the cells.
After two divisions, half the DNA molecules were light and half were
hybrid.
These were exactly the results to be expected if DNA replication is semiconservative.

Stahl

Producing Human Insulin
• Porcine (1 AA difference) and bovine (3 AA differences) insulin,
have both been widely used.
• Despite the differences they all bind to the human insulin
receptors and cause lowering of blood glucose concentration.
• Some diabetics develop an allergy to animal insulins.

Producing Human Insulin
• In 1982 human insulin became commercially available.
• It was produced using genetically modified E. coli bacteria.
• Since then methods of production have been developed using
yeast cells and more recently safflower plants.
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Genetic Engineering
• What are the ethical implications in altering the
genome of an organism in order to produce
proteins for medical use in humans?

Back
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