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Scientific History
AThe march to understanding that DNA is

the genetic material
e T.H. Morgan (1908)
e Frederick Griffith (1928)
e Avery, McCarty & MacLeod (1944)
e Hershey & Chase (1952)
e Watson & Crick (1953)
e Meselson & Stahl (1958)
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Replication
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AT.H. Morgan viive AFrederick Griffith
e working with Drosophila e Streptococcus pneumonia
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— & . @ 3 &S e injected protein into bacteria
4 "dl' : = = - | . ‘d.“‘ ’ Ano effect
mice die mice live mice live mice die [
: J/l, ~ r 4 e e injected DNA into bacteria
/oy 4 f % £ /Dy Atransformed harmless bacteria
= g P— P . . K
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Transformation?
something in heat-killed bacteria could still transmit
disease-causing properties
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Avery, McCarty & MacLeod

Oswald Avery

Colin MacLeod

Maclyn McCarty

. . 1952 | 1969
Confirmation of DNA

AHershey & Chase Nek—_ G
B ~ Collar <———
ecl assic fAbl endednd BXDpE
e worked with bacteriophage 5
Aviruses that infect bacteria fiber—,

e grew phage viruses in 2 media,
radioactively labeled with either
A35S in their proteins
A32P in their DNA
e infected bacteria with
labeled phages

Hershey & Chase E

Martha Chase Alfred Hershey

Protein coat labeled ith 32
with s DNA labeled with 32p

T2 bacteriophages
HerShey are labeled with

radioactive isotopes
& Chase clive is

bacteriophages infect
bacterial cells

vRAS Gk M

bactenal cells are agltated
to remove viral protein coats l

Ca',*”,ck, p & »

. —
* ~ s
\ s . ° » )
35S radioactivity 22p radioactivity found
found in the medium in the bacterial cells

[1] Mu radioactively @ Agitate in ablender to € Centrifuge the © Measure the
beled phages with separate phages mixture o bacteria radioactivity in the
b g phages  outside the bacteria form a pellet at the pellet and the liquid.
infect the bacterial cells. ~from the cells and bottom of the test
their contents. tube.
Radioactive Empty
- ~ A P—
Phage- protein (> \q “\ protein shell Radioactivity
Bacterium Phage "'é"“‘“
DNA &
7
Batch 1: DNA y \‘b b
Phages grown |
with radioactive L= =
sulfur (*s) -
—_— —_— A
Centrituge . || M 2
Pellet
Batch 2: b
Phages grown
with radioactive
phosphorus (%P} A
Radioactivity

Pellet in pellet

ABl ender 6 Exper.i m
ARadioactive phage & bacteriain blender

e 35S phage
Aradioactive proteins stayed in supernatant
Atherefore protein did NOT enter bacteria

e 3P phage
Aradioactive DNA stayed in pellet
Atherefore DNA did enter bacteria

e ConfirmedDNAi s fAtransf or mi



F:/AP BIOLOGY/AP PPT Lectures/026--Ch09--Cell Division/026--100 Greatest Discoveries--Mitosis.wmv
http://www.goldiesroom.org/Shockwave_Pages/AP--Hershey Chase Experiment.htm
http://www.goldiesroom.org/Shockwave_Pages/033--HersheyChaseExp_A.htm

Colonie High AP Biology DeMarco/Goldberg

1947 1953 | 1962
Chargaff Structure of DNA |
ADNA composition: i Cha Awatson & Crick
g varies from species to species e developed double helix model of DNA
e all 4 bases not in equal quantity Aother scientists working on question:
e bases present in characteristic ratio ERosalind Franklin
Ahumans: I‘El\/!aurlce W|.Ik|ns
A =30.9% ELinus Pauling
T=29.4%
G =19.9%
C=19.8%
L (N
Erwin Chargaff
i . . ~NG) E
Watson and Crick Rosalind Franklin (1920-1958) £

"N

itends in BIOGHEMIGAL S

AN

D
(o
(4

Rosalind Franklin

Directionality of DNA
AYou need to @ nucleotide
number the K“/
carbons!

E it matters!

(a) Key features of (b) Partial chemical structure (c) Space-filling model
DNA structure

the structure of DNA suggested a mechanism
for how DNA is copied by the cell
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The DNA Backbone S
< o
APutting the DNA PTOD
backbone together base
e refer to the 3jand 5j Gl

ends of the DNA
Athe last trailing carbon
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Base Pairing in DNA

APurines N—H:
~‘ "
Sugar N

e adenine (A)
APyrimidines & sl

o
Q
I

0

€ guanine (G)

Y

'3

g€ complementary strand
runs in opposite direction

Alt has not escaped our ndblg
the specific pairing we have

postulated immediately suggests a
possible copying mechanism for
mat er i aimorg O

Anti-parallel Strands @
APhosphate to sugar bond "‘Qc,,_
involves carbons in 3j & 5j =
positions
¢ DNA molecule has
fidirecti ongrree—8s

e base pairing allows
each strand to serve
as a pattern for a
new strand

0Id strands
Nucteotide

added to a

=

\\4’

4

( 3

the genetic
Watson & Crick |
Cppylng DNA ’::s:.::::w
AReplication of DNA (o

Base pair (joined by
hydrogen bonding)

£ thymlne (T) Adenine (A) Tr:'mine (M
e cytosine (C) 7 H*N/
APairing )
= A : T —H- N \
c ’ sug }7"
[ere d
Guanine (G) Cytosine (C)
Bonding in DNA
hydrogen
bonds

" @@
\@@ v,

.5‘ "*gs @Q ‘

phosphodiester
bonds

Models of DNA Replication

A Alternative models
€ so how is DNA copied?

& @ <
<
T S S § § &
PN PN PN PN N\ AN
[ [~ ) )
Second < X
replication = S
§ E E K KR K &
live model. The live model. ive model. Each

arental double helix
I MR
new copy is ma

The two strands of the

strand of both daughter
parental molecule separate,

molecules contains a
and each fun nns
template for synthesis

ow comploment u- ¥ strand.

mixture of old and dnawly
synthesized parts.
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Semi-conservative Replication 1958

AMeselson & Stahl

el abel nucl eotides of
heavy nitrogen = 15N

e label new nucleotides with lighter isotope = 14N

fiThe Most Elegant Experiment in Biologyo

parent replication € DNA sample
= centrifuged
after 20 min
First replication
I L —
-
@ Bacteria @) Bacteria DNA I
cultured in transferred £mr"ugs:dm 5.‘;
medium o 40 min
::Eamalnlng medium
N ?fh’l“ﬂ'"'"g Second replication

DeMarco/Goldberg

Aipar ¢

Semi-conservative replication

AMake predictionsé
£ 15N strands replicated in 1N medium
e 1st round of replication?

£ 2nd round’?I

Predicticns |
Conservative  Semiconservative Dispersive
© DNA sample AN AN
centrifuged .
after 20 min AV AVA
AR
First replication
{ WA
@ DNA sample AKX
centrifuged after .
40 min FAVA) AN
AR A
Second replication A% VA

DNA Replication

ALarge team of enzymes coordinates
replication

Origin of replication cParental strand

Daughter strand
° —G-—'

Bubble l Replication fork
2 Y Nt S
e N T/ )
'
) Two daughter DNA molecules 2 A

(a) In eukaryotes, DNA replication begins
at many sites along the giant DNA
molecule of each chromosome.

(b) In this micrograph, three
replication bubbles are
visible along the DNA of
cultured Chinese hamster
cells. The arrows indicate
the direction of DNA
replication at the two ends
of each bubble (TEM).

Replication: 2nd step
ABring in new nucleotides to
match up to template strands

helicase enzyme

single-stranded binding proteins replication fork

Replication: 1st step
AUnwind DNA
e helicase enzyme
Aunwinds part of DNA helix at ori
Aforms replication forks
Astabilized by single-stranded binding proteins

helicase enzyme

single-stranded binding proteins replication fork

Energy of Replication

A Wnhere does the energy for the bonding come
from?

energy
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Energy of Replication Replication e
A The nucleotides arrive as nucleosides AAdding bases wW
£ DNA bases with Pi Pi P i} | dd
e DNA bases arrive with their own energy source € canon y a :
for bonding nucleotides to 3jgeneray/g
¢ bonded by DNA polymerase llI end of a growin

DNA strand )
e strand grow 5'- s394

leading strand

Leading & Lagging Strands Okazaki Fragments
Leading strand ' 3 Synthesis of leading strand
- continuous synthesis ‘ 5! “ﬂl"’,,,
i;:\;‘l’ilx‘:islmnd 5!
4 Okazaki 3
(5 3!
Leadi;g é 5!
stran ki - 1 Aln Ay Al
gging e ORBUND NN T
slrg\nd Parent DNA
s : ... and grows 5'
/ & Lagging strand Okazaki fragments /£ 3
Lagging strand = _OI_(azak| frggments s ——
empate e ot e dero) ST T

Priming DNA Synthesis Cleaning Up Primers

Primase joins RNA
nucleotides into primer.

A DNA polymerase III : Single-stranded region
can only extend an °We DNA polvmerase | "':alenm LR
removes sections of * ¥

existing DNA molecule

Primase””

H DNA polymerase adds DNA
£ cannot start new one == RNA prlme_r and nucleotides to primer.
. . INA
A cannot place first base polymerase I11 replaces with DNA ANAprimer ey A

nucleotides —— D —>

R e B
3 0 5

e short RNA primer is

built first by primase ® °
. 3 i X
A starter sequences 9/. e AN a2 DNA polymerase
A DNA polymerase_ I can  gNa'primer N Newest DNA l
now add nucleotides to
RNA primer 5 o 3
@ = &
© TR I ITITITm © DNA polymerase
o AMUUMUWUMUMIUUILIL & e
Vi " is now complete.

RNA primer New DNA 5 3
a'w 5
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Anhelicase

Aprimase
ADNA polymerase |
Aligase

DNATEGe
DNApolymerase I

Replication Enzymes

ADNA polymerase Il

Asingle-stranded binding proteins

Single-stranded binding protein

DeMarco/Goldberg

And in the end2é

AEnds of O ST,
g
chromosomes l:u:prin!l:'ng_and
are eroded with

3
5 Leading strand

o Rt i v 4
each replication ANA rimer
€ an issue in DGR OR0000, , 59" **"¢
aging? 1 ol

e ends of
Ch romosomes P remains unfilled
are protected by g
telomeres l Further rounds
of replication
‘Shorter and shorter

daughter molecules

Telomeres

A Expendable,
non-coding sequences
at ends of DNA

e short sequence of
bases repeated 1000s
times

e TTAGGG in humans
A Telomerase enzyme in
certain cells
£ enzyme extends
telomeres
e prevalent in cancers
A Why?

Eukaryotic DNA
Telomere Telomere

Repeated unit
—

AATCCCAATCCCRATCCCARTS|
© Telomerase l

RNA

extends the 3’ end
of a DNA strand.

T 5

@ The other strand
is extended in the
usual way by primase,
DNA polymerase,

and ligase.

@ The result is a longer Primer removed
telomere with a 3-end

“overhang.”

(b)

Replication Bubble

Leading Origin of Lagging
strand replication  strand

Adds 1000 bases/second!  _| 7 ——=

- Which direction does DNA build?
- List the enzymes & their role strand strand

Overall direction of replication

_/DNA polymerase

Replication fork
RNA primer

DNA 4 3 DNA ligase
Parental DNA polymerase

DNA Polymerase

ADNA polymerase Il
e 1000 bases/second
e main DNA building
ADNA polymerase |
e 20 bases/second
e editing, repair & pri

DNA polymerase Il enzyme

Review

enzyme

mer removal

Editing & Proofreading DNA

A 1000 bases/second =
lots of typos!

@ Thymine dimer distorts
DNA molecule

A DNA polymerase |
e proofreads & corrects

m @ Anuclease enzyme cuts
the damaged DNA strand
at two points.

typos \
£ repairs mismatched bases
£ excises abnormal bases I © Repair synthesis by

a DNA polymerase

A repairs damage fills the gap

throughout life
e reduces error rate from
1in 10,000 to
1in 100 million bases

© DNA ligase seals
the remaining nick
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Fast & Accurate! E

Alt takes E. coli <1 hour to copy
5 million base pairs in its single
chromosome
e divide to form 2 identical daughter cells
AHuman cell copies its 6 billion bases &
divide into daughter cells in only few
hours
e remarkably accurate
e only ~1 error per 100 million bases
e ~30 errors per cell cycle

The ACentr al Dogmao
Aflow of genetic information within a cell

transcription translation

DNA RNA s protein:

A

replication

DeMarco/Goldberg

| o
Polymerase Chain Reaction (PCR)
A What if you haveto ~ Jimewrmes e [—
copy DNA with not a e ] L:"’L i
lot to begin with? o N omamen
e PCRis a method for E j e
making many || g
. Lo bond Cycle 1
copies of a specific et .
segment of DNA i1 ommees
e ~only need 1 E g b snduiean”
molecule of DNA to
start VA RR AN
i |=
molecules
A AN XN
frangn |z

PCR Process

Altés copying DNA in a tef¢g
A What do you need?
template strand

DNA polymerase enzyme
nucleotides

E
E
E
£ primer

Thermocycler

PCR Process

Awnhat do you need to do?
£ in tube: DNA, enzyme, primer, nucleotides
¢ heat (90°C) DNA to separate strands (denature)
¢ cool to hybridize (anneal) & build DNA (extension)

I T 3 H
I~ H

6-» P PG |
H

" (e
Vo~ 1, N
1%z b

8y raising the temperature  The temperatur s lowered! H
13 sbout 90°C the strands  ahout 5°Cand synthatic H
are saparated.

o
tamperatures o -,

N R b
e 2

P R
S S Sses
-~ it g
D e T ¥

raiead 16 apout 70°C and ke 3 copying machine.
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PCR Primers
. ) o os & .
AThe primers are critical! one 5 TRy
. DENATURATION ¢ 95°Cc
£ need to know a bit of S —"
sequence to make proper aweauns " pa e
B
primers ¢ 1 ¢
e primers bracket target gp—
EXTENSION - 72%
sequence e ;1
Astart with long piece of DNA ¢
& copy a specified shorter W U=
segment ”‘”’““‘““J' T
Aprimers define section of e
DNA to be cloned 20-30 cycles
3 steps/cycle
30 sec/step

Kary Mullis 1985 | 1993

Adevelopment of PCR technique
€ a copying machine for DNA

Dancing Nak
e MiND FieLD

o |

KaRry mULLi§

Single-stranded DNA
with unknown sequence (blue)
serves as a template

DNA Sequencing o

ASanger method

€ synthesize
complementary DNA i

Prepare four reaction mixtures.

strand in vitro .
E In each tU be: ~ﬂﬂATP ~unc‘rP «ﬂﬂﬂP?duGTP

+ DNA polymerase
+ dATP, dCTP, dTTP, and dGTP

P OrBO—d0PE-0

T
+§ | Radioactively labeled primer
T

Afinor madases N U [
Adideoxy N-bases
- Gel electrophoresis
poly c s5ts o
Aprimer g $8:8¢
3 3 fesmene — | Read A e T
Abuffers & salt T |$33] |m —_ | e € seatines ¢
ET _ —| snd G tempite C
E? o |7 — & {
1 H H

ngm.ms [
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The Polymerase Problem

AHeat DNA to denature it
e 90°C destroys DNA polymerase
e have to add new enzyme every cycle
; Aalmost impractical!
ANeed enzyme that can
withstand 90°C é
e Taq polymerase
Afrom hot springs bacteria
E Thermus aquaticus

DNA Sequencing

ASanger method
e determine the base sequence
of DNA
e dideoxynucleotides
AddATP, ddGTP, ddTTP, ddCTP

Amissing O for bonding of next >~
nucleotide

Aterminates chain

Deoxyribose

Dideoxyribose

Reading the Sequence

A Load gel with sequences from
ddA, ddT, ddC, ddG in separate
lanes

e read lanes manually & carefully
e polyacrylamide gel

i
Length of [ = B 0=~ D{| Termination by

fragment dideoxy- 3,
30 = GACGCTGCGA,
2| =2 GACGCTGCG
28 = |[|GAcGecTGE
27| = GACGCTG
2 = GACGCT
2 = ||GAcaGe
u| = GACG

23 = GAC
2 = GA
21| == G

This sequence
is complement
to DNA template
strand
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Fred Sanger 197 | 1980

This was his 2nd Nobel Prize!!

e 1st was in 1958 for the
structure of insulin

Advancements to Sequencing

AFluorescent tagging

e no more radioactivity

e all 4 bases in 1 lane
. Aeach base a different color
AAutomated reading

Unsequenced DNA Automated
+ =y seqllﬂ;lng Computer output
AACC =
GTm —G _—
Labeledand ——> " ——> @ =——r—>
unlabeled nucleotides ep—
" Primer —C Loco DDetector
d pum— Beam
DNA
polymerase
Advancements to Sequencing Advancements to Sequencing
AFluorescent tagging sequence data A Capillary tube electrophoresis e
AComputer read & analyzed € no more pouring gels

e higher capacity & faster

THNNWAR T G RCART AGG ACL,GACY AT AGGGICG A AT TCG AQCT COGT ACCEGGGG A TCCTgT AG AGT COARCTACAGAC Luc "ec

Al\, a“ l]um“m‘ ﬂ.l lﬂ

ﬂ

lH mL l “dt IH hllu iy Il

‘ Applied Biosystems, Inc
(ABI) built an industry on
“ “ ‘ “ “ h ‘ these machines

I m I

f
|

384 lanes

ABig labs! Human Genome Project

e economy of scale A U.S government project
£ begunin 1990

A estimated to be a 15 year project
e DOE & NIH

Ainitiated by Jim Watson

A led by Francis Collins

£ goal was to sequence entire
human genome
; A 3 billion base pairs
A Celera Genomics
e CraigVenterchal | eng 4
e would do it faster, cheaper
£ private company

PUBLIC
AJoint Genome Institute (DOE)
Ami

AWashington University of St. Louis
éBaonr College of Medicine
Asanger Center (UK)

ERIVATE
AcCelera Genomics
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Different Approaches

govdt method Craig Venterods
Aima-pased met hodo fishotgun met

1. Cut DNA entire chromosome into
small fragments and clone.
nucleotide sequences, and clone 2. Sequence each segment & arrange
fragments. based on overlapping nucleotide

2. Cut and clone into smaller fragments. sequences.

1. Cut DNA segment into fragments,
arrange based on overlapping

DeMarco/Goldberg

Sequence of 46 Human

Chromosomes
[ U
7 & ol

\ﬁ?* . B :u.s/ 3G of data

ra) - .
3 billion base pairs

Human Genome Project

On June 26, 2001, HGP publ
drafto of the DNA sequencsd

Historic Event!

e blueprint
of a human

e the potential to
change science
& medicine

Raw Genome Data

GenBank

Database of
genetic
sequences
gathered
from
research

Publicly
available!

Organizing the Data
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