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Chapter 16.
DNA
The Genetic Material
Replication

GeoRle

Scientific History
= The march to understanding that DNA is

the genetic material
« T.H. Morgan (1908)
« Frederick Griffith (1928)
o Avery, McCarty & MacLeod (1944)
« Hershey & Chase (1952)
+ Watson & Crick (1953)
¢ Meselson & Stahl (1958)
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1908 | 1933
|Genes are on chromosomes

" T.H. Morgan

+ working with Drosophila
(fruit flies)

e genes are on
chromosomes

« but is it the protein or the =
DNA of the chromosomes 4 .
- -
that are the genes? [\

= through 1940 proteins L4
were thought to be w
DNA

. . -
genetic material... Why? ’j‘ i bivassas
54 A spacer histone "
What's so impressive ™ [f ”
bout proteins?! ) :
Do about proteins: \(_ ) IF
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|The “Transforming Factor”

® Frederick Griffith

« Streptococcus pneumonia

bacteria
= was working to find cure for
pneumonia

o harmless live bacteria mixed
with heat-killed infectious
bacteria causes disease in

mice
e substance passed from dead i
bacteria to live bacteria = 7/
“Transforming Factor” s
MCC BP = P’

;The “Transforming Factor”

mix heat-killed

pathogenic & -
live pathogenic live non-pathogenic  heat-killed non-pathogenic

strain of bacteria  strain of bacteria pathogenic bacteria bacteria
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Transformation?

something in heat-killed bacteria could still transmit
disease-causing properties

. . 1944
|DNA is the “Transforming Factor”

= Avery, McCarty & MaclLeod
o purified both DNA & proteins from
Streptococcus pneumonia bacteria
= which will transform non-pathogenic bacteria?
e injected protein into bacteria
= no effect
e injected DNA into bacteria

= transformed harmless bacteria
into virulent bacteria

What's the
conclusion?

MCC BP
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|Avery, McCarty & MacLeod

Oswald Avery

Colin MacLeod

Mcc BP Maclyn McCarty

. . 1952 | 1969
Confirmation of DNA _

® Hershey & Chase he—B OHN

Neck — <
o classic “blender” experiment S r—]
«+ worked with bacteriophage i
= viruses that infect bacteria fiber
e grew phage viruses in 2 media,
radioactively labeled with either
= 35S in their proteins
= 32P in their DNA
e infected bacteria with
labeled phages

hy use
Sulfur

0 =y
Alfred Hershey

MCC BP Martha Chase
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Protein coat labeled ith 32
With 35S DNA labeled with 32P

T2 bacteriophages
are labeled with
radioactive isotopes
Svs.P

Hershey
& Chase

bacteriophages infect
bacterial cells

Wb Bop Yelh hgp

bacterial cells are agitated
Which ) to remove viral protein coats

¥
radioactive o
marker is found 0% £ Q ,;« =N ,_,Q
inside the cell? (_‘\{
s (R , ]
Which molecule ' &
ngle?isé\flnr%., 35S radioactivity 32pP radioactivity found
9 . found in the medium in the bacterial cells
O et e O e O e ia T tkiucinty intie
bactenia. The phages outaude 1T bacterin farm & pellet 1 the petiet and the liguid.
infest the basterial cells.  from the cells and botiom of the 1est
their comenis. tube.
Radicactive 0 . f—Empy
Progo{ § - protein £ L 47 piain shel Radloactivity
Bacterlum ) I"lf_“"'_’
- T "' i
Bateh 1t [—_ i ‘—um il 2 }_*
Fhages grown 4
with radicactive ) -
sulfr (*8) ’L
\ — I
= e Pallat
. J ]
e A Y
Phagns gresn | . 'Radioactive
with mw{"”ﬁ ,-'J I | DHA
phesphorus y > .
/ / f— Ganirituge o e
4 C- Raodioactivity
L_‘___‘ b —..—'-"5 Fellet  in pellot
MCC BFP

Blender experiment
= Radioactive phage & bacteria in blender
+ 35S phage
= radioactive proteins stayed in supernatant
= therefore protein did NOT enter bacteria
+32P phage
= radioactive DNA stayed in pellet
= therefore DNA did enter bacteria

«+ Confirmed DNA is “transforming factor”

;D
<

>
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1947

.Chargaff

= DNA composition: “Chargaff’s rules”
e varies from species to species
« all 4 bases not in equal quantity
« bases present in characteristic ratio

= humans:
A =30.9%
Els -3 T=29.4%
Ll G =19.9%

@' C=19.8%
N

1953 | 1962
|Structure of DNA

= \Watson & Crick

o developed double helix model of DNA
= other scientists working on question:

+ Rosalind Franklin

+ Maurice Wilkins

¢ Linus Pauling
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[
Franklin (1920-1958)

-~
CHEMIGAL &7

/Rosalind

MCC

gy s g
el

Wl

{a) Koy features of {b) Partial chemical structure {c) Space-Filling madel
A structure

the structure of DNA suggested a mechanism for
how DNA is copied by the cell ;

Directionality of DNA

" You need to ,/;O:\l nucleotide
number the oy
carbons!

o it matters!

This
will be
IMPORTANT!

T

[
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&
.The DNA backbone S
A 4./
= Putting the DNA r
backbone together cn, 28
o refer to the 3’ and %’
ends of the DNA
= the last trailing carbon o
©oPO
i :BaseJ
I mean it... CH2 S
This will b
IMPORTANTI /O>
OH
3Y

|Anti-parallel strands

= Phosphate to sugar bond
involves carbons in 3' & 5’

positions
5 End !’z:l
+ DNA molecule has s_pmm_zl =
“direction”

o complementary strand
runs in opposite direction

“It has not escaped our notice that the
specific pairing we have postulated

immediately suggests a possible copying # hydroxyt ——0oH
mechanism for the genetic material.” [FEnd) T End

Watson & Crick

[ —
'Bonding in DNA

hydrogen
.:\ o bonds .
""@@ '@

phosphodiester @h @® 5
bonds &
\@@ v@ d

] *‘@l‘ s;ra@".
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|Base pairing in DNA
® Purines
e adenine (A)
e+ guanine (G)
® Pyrimidines
o thymine (T)
e cytosine (C)
® Pairing
AT
+C:G

MCC BP

|Copying DNA

= Replication of DNA

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

/Models of DNA Replication

= Alternative models
« so how is DNA copied?

AN o
= ft -
First
T S -
A PG T
T § [+ 4
replication
2 2
(8] Conssrvative modal, The deol.
parental doubie helix The twa strands of the
reenaing intsct and an si-
naw copy is made. oms o
P Comgiamanary stand.
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1958

|Semi-conservative replication

" Meselson & Stahl
« label nucleotides of “parent” DNA strands with
heavy nitrogen = 15N
« label new nucleotides with lighter isotope = 14N

“The Most Beautiful Experiment in Biology”

parent replication @ DNA sample

make predictions... ::trrizl;g;i\:

First replication

—
@ Bacteria @ Bamrla\A DNA I
cultured in tra nsferred D?mr"ugs:‘;n a';.zr
medium 40 min
::é)malnlng medium

N ::‘u';\!imlﬂs Second replication

1958

|ISemi-conservative replication

® Make predictions...
« 15N strands replicated in N medium
« 1stround of replication?

« 2nd round? | Predictions
c i : . Disp
© DNA sample AV N
centrifuged
after 20 min FAVA] AVK
N7\
First replication
\'7,
) DNA sample AVA
centrifuged after 8
40 min D AR
A\'/\] LA Y/

P Second replication

let's meet
the team...

IDNA Replication

= Large team of enzymes coordinates replication

Origin of mpll:.ﬂm Parental strand
Dlughlor strand

o

l Replication fork

=
e NN
5] Two daughter DNA molecules
{a) In eukaryotes, DNA replication begins (b} In this micrograph, three
at many sites along the giant DNA replication bubbles are
molecule of each chromosome. visible along the DNA of
cultured Chinese hamster
calls. The arrows indicate
the direction of DNA
MCC E replication at the two ends « roo0
of each bubbie (TEM), on
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|Replication: 1st step

= Unwind DNA
« helicase enzyme
= unwinds part of DNA helix
= stabilized by single-stranded binding proteins

helicase enzyme

mMce single-stranded binding proteins’ replication fork

Replication: 2nd step

® Bring in new nucleotides to
match up to template strands

Where's the
ENERGY
for the bonding!

|Energy of Replication

= Where does the energy for the bonding come
from?

energy

You
remember
ATP/
Is that the
only energy
molecule?

;t CTP CMP

2005-2006
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|Energy of Replication

®" The nucleotides arrive as nucleosides
+ DNA bases with P—-P—-P

+ DNA bases arrive with their own energy source
for bonding

« bonded by DNA polymerase llI

|Replication 3ergy e

= Adding bases

« can only add neray
nucleotides to
end of a growi
DNA strand

n
nergy 7 4
e strand grow 5' il

¢
& o

L leading strand

lagging strand % leading strand

2005-2006
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|Leading & Lagging strands
Leading strand

- continuous synthesis . 2y

Leading strand

template T
; =

~ Okazaki

Okazaki — g

W Al Al 41 9
Dpranes

;ﬂrgﬁ:ins pAcARee Parent DNA

o N

- Lagging strand
Lagging strand . - Okazaki fragments
template - joined by ligase

- “spot welder” enzyme

|Okazaki fragments

3

= Synthesis of leading strand
511

Synthesis of lagging strand

... and grows \\

Okazaki fragments
Sy

4;

MCC BP

|Priming DNA synthesis

= DNA polymerase IlI DNA template
can only extend an ° m °

existing DNA molecule

¢ cannot start new one BNA
= cannot place first base polymerase III
. . ! A,
« short RNA primer is
built first by primase : ]
= starter sequences 7
4
= DNA polymerase Il cankNA primer N
now add nucleotides to
RNA primer
© T T T TITTITIITTIT &
e AL U LI
mcc P RNA primer New DNA

12
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|Cleaning up primers ——
7 nuclectides into primar.
Single-stranded region
of parental DNA
DNA polymerase | :-melms-
removes sections of Primase" A
RNA primer and 1““‘“"“""’"‘"“"-
replaces with DNA ANAprimae O

H e, | —
nucleotides O -
2

A different ONA polymarase
replaces the RNA with ml

Hewest DNA

FATIT, o o

f
DNA polymerase
This daughter strand

MCC BP

'Replication fork
) DNA
polymerase Il lagging strand

DNA
polymerase |

Okazaki
fragments

DNA
polymerase llI

leading strand
3
direction of replication

MCC BP

IAnd in the end...

* Ends of FEEE P ROIERRERR |
- s
chromosomes 1m..|...nm
DNA synthesis

are eroded with "
TECERIBEOOOELLL S Lsuciog stand
FANA primer

each replication

eanissuein i e 0,5 9% "™
of

aging? Im,_ww:
« ends of 4 -
chromosomes L )
are protected by TR
telomeres lmm
of replication
Shorter and shorter
MCC BP dsoghter
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| Telomeres ———

Tolomare Tolomare
= Expendable,
non-coding sequences
at ends of DNA

Ropaated unit
===,

RNA
+ short sequence of °
bases repeated 1000s  extends the 3" end
; of a DNA strand.
times
¢ TTAGGG in humans —————= 1
e L
. .
Telomerase enzyme in g 1. oimer strand
i is extended in th
certain cells s ey
+ enzyme extends m‘.m&m”-
telomeres
« prevalent in cancers == 'ﬁf
= Why? © The result is a longer Primer remaved
telomere with a 3%-en
“averhang.”
McC BP ()

‘Replication bubble N —
strand repl hon strand

Adds 1000 bases/second! L >

— Which direction does DNA build? Lagging Leading

. . d
- List the enzymes & their role e e

Overall direction of replication

/DNA polymerase

Replication fork
RNA primer
Ckazakj fragments |

ONA ,\ DNA ligase

Parental DNA polymerase

|Replication enzymes

® helicase

= DNA polymerase Il

® primase

= DNA polymerase |

® ligase

® single-stranded binding proteins

MCC BP
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'DNA polymerases

= DNA polymerase IlI
+ 1000 bases/second
+ main DNA building enzyme
= DNA polymerase |
+ 20 bases/second
« editing, repair & primer removal

DNA polymerase Ill enzyme

|Editing & proofreadina DNA

@ Thymine dimer distorts
malecule

= 1000 bases/second = === DA

lots of typos!

€ A nucleass enzyme culs

" DNA polymerase | l//%:ﬂ:mmumna

« proofreads & corrects (=

typos
i i < i hesis b
« repairs mismatched bases ?Dmh-"v:ms ¥
+ excises abnormal bases il the pep

= repairs damage
throughout life
« reduces error rate from
1in 10,000 to __Io DNA ligase seals

1in 100 million bases m e emtoing ik

MCC BP

|Fast & accurate!

= |t takes E. coli <1 hour to copy
5 million base pairs in its single
chromosome
e divide to form 2 identical daughter cells
®" Human cell copies its 6 billion bases &
divide into daughter cells in only few
hours

o remarkably accurate
e only ~1 error per 100 million bases

+~30 errors per cell cycle
MCC BP Based onwor
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|The “Central Dogma”

transcription

replication

MCC BP

= flow of genetic information within a cell

translation

DNA RNA mmmmp- protein

Any Questions??

MCC BP
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