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Nature of science:

aining evidence for scientific theories

eselson and Stahl obtained evidence for the semi-
servative replication of DNA. (1.8)
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Essential idea:

etic information in DNA can be accurately co|
an be translated to make the proteins nee
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DNA Replication Overview

eplication of DNA is semi-conservative and depends on
lementary base pairing.
e unwinds the double helix and separates the two strands
hydrogen bonds.
erase links nucleotides together to form a new strat
trand as a template.
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Steps in DNA Replication

primer
st be bound to DNA segment to begin replication.
segments of RNA (10 nucleotides long) formed by prim

DNA Synthesis Requires a RNA Primer Tenglae niition of Synihosis of Extension of RNA pein
s

RNA syrithesis RNA priener by DNA polymevase

-
> 3 3 p
i
d
ooy —ona
pobymenase
oo o
s

Primase.

ALty

T RNAPrimer

Parental DNA Primase




Steps in DNA Replication

nucleotides (Nucleoside triphosphatest) bind with
lementary bases on unzipped portions of DNA.

w strands grow in the 5° 3’ direction.

d contains hydroxyl.

d contains phosphate.

is catalyzed by DNA polymerase.
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ermostable DNA polymerase named after the thermopile b:
mus  uaticus.

es large quantites of a specific target sequenc
hen only a small amount of DNA is av:
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e cycle of PCR yields two identical copies of the DN
ence

dard reaction of 30 cycles would yield 1,073,74.
pies of DNA

PCR : Polymerase Chain Reaction
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Steps in DNA Replication

|A Polymerase can only elongate at 3’ end.
ontinuous synthesis creates a leading strand.

continuous synthesis of the complementary strand create:
ing strand.

ing strand produces Okazaki fragments.
nts are linked by DNA ligase. (start at 1:43)
‘Semiconservative DNA replication
leading strand new (daughter)
trand

single-strand
bind

Okazaki fragment
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Functions of RNA

essenger RNA (MRNA) takes a message s ...
DNA in nucleus to ribosomes in i

somal RNA (rRNA) and proteins make
osomes where proteins are

RNA (tRNA) transfers a particular
0 a ribosome.
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DNA Replication.mp4
http://www.hhmi.org/biointeractive/bacterial-identification-virtual-lab

Transcription Overview

Transcription is the synthesis of mMRNA copied from the
DNA base sequences by RNA polymerase.

akes place in the nucleus
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Steps of Transcription

NA polymerase covalently bonds RNA nucleotides.
erminator sequence causes RNA polymerase to stop
nscribing DNA, and to release mRNA

ny copies of mMRNA are made from the DNA molecul
same time.
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The Genetic Code

dons are three sequential bases on mRNA correspond t
e amino acid in a polypeptide.
NA triplets(codons) are the genetic code.
ode for an amino acid or stops translation.
are 64 codons (4°=64)
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Steps of Transcription

RNA polymerase attaches to a

promoter on DNA.

romoter defines start of gene,

rection of transcription, and

and copied. (TATA Box in
aryotes)

ription factor is needed

'merase to bind to DNA.

ost Transcription Modificatio

ddition of a GTP cap (modified guanine)

ddition of a poly-A tail

cision of introns (by spliceosomes)

xon is portion of MRNA transcript eventually expressed.

e simpler the eukaryote, the less likely that introns will be

DNA (The Gene)
Transcription

x - pre-mRNA
capping (1)
il [ Tnron A ]

Excision of introns and* splicing of exons

¥ Poiyadenyiation
5 [[EonTExon Z[ Exon 3 |Foy(A)] 3' mRNA

To cytosel for Iranslalion‘ by ribosomes

The Genetic Code

4 mRNA triplets code for 20 amino acids.
ach codon has only one meaning.
ere is one start codon and three stop codons.
e Code Is Universal
uggests the code dates to very first organisms.
nce established, changes would be very disruptive.
universality of the genetic code allows gene transfer bi
ies. oy




Translation

anslation is the synthesis of polypeptides on ribosomes.

es place in cytoplasm.

> amino acid sequence of polypeptides is determined b

A according to the genetic code.
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Steps of Translation

hain Initiation
Small ribosomal subunit
attaches to mRNA at the
start codon (AUG).
irst or initiator tRNA
airs with this codon; then
e ribosomal subunit
to small subunit

n factor proteins

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
rward three nucleotides,

e is new codon located at
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Translation

Translation depends on complementary base pairing betwe
codons on mRNA and anticodons on tRNA.

ne language (nucleic acids) is translated into another
nguage (protein)

Transfer RNA (tRNA)

Steps of Translation

hain Elongation
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

ozyme of the larger
nit.

Steps of Translation

hain 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 alL)nd polypeptide leave the ribosome, which dissociates i
nits.
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Polyribosomes How is DNA Replicated

Remember- Proteins are not synthesized one at a time as s.RepIic_atig’n Conservative, Semi-conservative, or

each protein finishes production. ispersive?

Polyribosomes are clusters of several ribosomes Hypothesis 1: Hypothesis 2: Hypothesis 3:
ynthesizing the same protein Semi-conservativ repication Conservative roplication
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How is DNA Replicated How is DNA Replicated

Matthew Meselson and Franklin Stahl (1958) After one division, only hybrid DNA molecules were in the cells.

— Confirmed a model of DNA replication. ﬁ}f'tl;er'c}wo divisions, half the DNA molecules were light and half were
e - rid.
They grew bacteria with heavy nitrogen (**N), then These were exactly the results to be expected if DNA replication is se!
tive.
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Producing Human Insulin Producing Human Insulin
orcine (1 AA difference) and bovine (3 AA differences) insuli n 1982 human insulin became commercially available.
ave both been widely used. was produced using genetically modified E. coli bacteria.
espite the differences they all bind to the human insulin ince then methods of production have been developed usi
eptors and cause lowering of blood glucose concentrati t cells and more recently safflower plants.

i i n allers i i ins.
e diabetics develop an allergy to animal insulins At ISR Prauction
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Meselson and Stahl Experiment [HD Animation].mp4
Meselson and Stahl Experiment [HD Animation].mp4
Meselson and Stahl Experiment [HD Animation].mp4
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Genetic Engineering

at are the ethical implications in altering
ome of an organism in order to produc
s for medical use in humans?

Figure 1: Proportion of animals used In science by type at CCAC-certified
institutions in 2011

- Fish 39%
 Mice. 327%

3 Rats: 6.8%

o Bres: 87%

o Catte: 6.5%
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u Animais, omer: 1.6%

5 Rodents, other. 0.8%

® Guinea pigs: 0.8%

= Dogs: 0.3%

 Cats: 02%

5 Non-human primates: 0. 1%




