DNA and
Replication






' » Early scientists
thought protein

| was cell’s
2 o hereditary

material because
it was more

I complex than DNA
"7

Proteins had 20
different amino

)@acids in long

A

polypeptide chains

History of DNA

Twenty standard Amino Acids

Nonpolar, aliphatic R groups

(“,OO CO0 CO0
11;,S:—?—11 HN-C-H HN-C-H
H CH, CH
AN
CH; CH;
Glycine Alanine Valine
(ll()() (lf()() C()()
H;;N—(I‘,—H H_-,N~(|]7H H;N—C—H
(l:H2 (|:H2 H—?—CHg
/C{I (|)H2 (lle
CH; CHg ? CH,
CHy
Leucine Methionine Isoleucine

Aromatic R groups
C‘OO’ C‘OO’ (‘ZOO’
HSN—?—H H,N—C—H N

‘ H3N—(f —H
CH, CH, CH,

30 B

Phenylalanine Tyrosine Tryptophan

Polar, uncharged R groups

?OO C00 CO0

HN—C-H  HN-C-H  HN-C-H
|

CH,0H H—?—OH ?Hg
CH; SH

Serine Threonine Cysteine

CO0 CO0 CO0

[H \ ‘

‘/C\ HN—C—H  H;N—C-H
H,N"  'CH, | |

| \ (|3H2 (lfﬂz

H,C——CH

L - o CH,
78N |
HEN 0 C

/\

ENO

Proline Asparagine Glutamine

Positively charged R groups
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1. Found in nucleus
2. No other uses




What is a Virus?

e A virus is nonliving

e Composed of DNA (Sometimes
RNA)

coat

\) S
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4 2. Transformation
" & . 1928--Fred 6riffith ;- —
worked with 2 strains of &
» .
' )P
K

N

\
| . 5 . X
| Pneumonia causing bacteria , ° e P
. . 0 —~ L/ / N\ . S~
Smooth strain (Virulent S) 4, /(' 2l ¢

3

" - S
'/’ )y @ g / Mouse dies
i

slime capsule (not seenby 45" |
immune system and kills mice) ...
an d heat-killed g
Rough strain (NonvirulentR)
no capsule (easily killed) Pneumoccocus

bacteria

P He found that R strain
uld become VIRULENT Study suggested

E 4
’)’ )%en it took in DNA from |that DNA was
“hea‘t-killed S strain probably the

genetic material
. )




Fred Griffith
Bacterial Transformation

This animation (Audio) describes

T

i
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NMouse remains healthy NMouse remains healthy Mouse dies

Mouse dies

(a) Living S (smooth) bacteria (b) Living R (rough) bacteria  (¢) Heat-killed S bacteria (d) Heat-killed S bacteria
mixed with living
R bacteria

@ (e) Living S bacteria in blood

from dead mouse

4
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Griffith Experiment

Injection &

Mouse healthy

" Heat Heatkllled
H S strain

Injection

. : Mixture of Living cells of
Living R strain heat-killed S strain S strain isolated
and living R strain from dead mouse

@ 1998 Sinauer Asscciates, Inc.
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Avery-MaclLeod-McCarty
Experiment

The controls: The experiment:

® Repeated anﬁth’ S , [ Hmt-killml\Lirulc-mh;wu-ri.;

)
a

)¢ experiment adding \—
L _> - 1

’ p enzymes to destroy o\ k -\

I I p I d S Live encapsulated

. : | Mouse dies . “l‘\‘\.
virulent bacteria Live n;mtcd \} k A
. carbohydrates e
e bacteria ¢heat killed Mouse dies

/
v/ DNA isolated from heat-killed
virulent bacteria

f‘ 3 proteins S
4 RNA —) = Live nonvirulent bacteria

T ransformation Lsomompaltel |
I occurred only

)’ A was left <) 4 PR\
9 Livenon- | ®® o ‘y“‘, o,
; (14 - |\ encapsulated = 4 ® o \

transformed

\° nonvirulent A\ & )
Y\ @& bacteria  Encapsulated s

Live \ Ve ‘N virulent bacteria ' Mouse dies
encapslulawd R ‘x‘\C—-., =

virulent  Heatki ; .

bucteri vinulentbacteria | 0wl | The Avery-Macleod-McCarty experiment
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| & Used viruses to
' ¥ demonstrate that

,’ @@ the virus injects
» ;@ DNA and that’s
what takes over

A
" ” the cell
P This animation (Audio)

describes the

ra

(a) T2 and related phages use their tail pieces to attach
to the host cell and inject their genetic material (TEM).

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.

Bacteriophage—
virus that specializes
in attacking bacteria.
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p experiment 453 experiment
Nonradwactive Radioactive
coat s coat
Radioactive “ Nonradioactive
I)\.§ _ ;rl'*‘l“rv—-- ﬁ. A DNA
i The Hershey-Chase
blender experiment N

l ,W;m l -t"agged protein of virus
with radioactive

| stagged DNA of the virus with - —%M— v, :;;,_su!fur. S35
" radioactive phosphorus P32 | RO | |

A
J#
X B:]::“:‘:‘
~ What ever was injected into l vieal hade l p
the bacteria to take over the 170 2N
- cell was the carrier of genetic | SN e
information. - |
::«Jllumcuvv -“"Pﬂt:t:“"" Radioactive
| ' centrifugation % %
Z= '. & B
o | )
k- fhuhmlcliw o't Not

radioactive
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? History of DNA

o
o 4:

| S ? Chromosomes:made of

: M DNA and protein

_» * Experiments on @
g bacteriophage viruses .
K by Hershey & Chase /09

proved that DNA was
the cell’ s genetic

’}" Jmaterial
b

’ | )ORadioac'rive 3P was injected into bacterial




Phage: genome labelled with 2P Phage: coat labelled with®°S

Infect & oo |0

Homogenize , separate cells &
phage coats by centrifugation

Supematent:
259 radioactivity
{phage coats)

Pellet:
759 radioactivity
{phage genomes

Supermatent:
7595 radioactivity
{phage coats)

Pellet:
259% radinactivity
(phage genomes
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'.;1 Discovery of DNA Structure
¥ ?’ * Erwin Chargraff showed the
.’ ¥ amounts of the four bases on
DNA ( A, T,C,6)
209

*Ina body or somanc cell

% {c _303% -

> T =30.3% @Q @
;@ 6=19.5% @ @
B C=199% e - o

ﬂ © 1998 Sinauer Associates, Inc.
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s Chargaff s Rule g ™=
» a iy
D )} ;
o
"99 . Adenine must pair with Thymine
& * Guanine must pair with Cytosine
2 Bases form weak hydrogen bonds

& e

’e

' A



'2 DNA Structure
s 4: + Rosalind Franklin took
29

diffraction x-ray
& photographs of DNA
3 crystals

&
4’ * In the 1950’s,

Watson & Crick built
P the first model of
- DNA using Franklin’s

b)’ )P x-rays

%These animations describe the structure of DNA:

TN A
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- Two strands coiled =
double helix

- Sides = pentose
sugar Deoxyribose
bonded to phosphate

R J (PO.)
ff _:’,’) v ’ Rungs (center) =
e nitrogen bases

> ) bonded together by
weak hydrogen bonds

DNA

Sugar-phosphate
backbone
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2 DNA: Deoxyribonucleic acid

;.*‘ a * Made up of subunits
called nucleotides

A nucleotide N

: ” NN
q / N
° - m H
5 @ Nucleotide made of (o ‘<N | : ).
’\ 1. PhOSPhO"'e group _CI) zo Nitt)roger()/g)us
= i ase
2. B-carbon sugar Phosphate  H H
P group OH H

Sugar

3. Nitrogenous base

This animation (Audio -

Ay
‘s P
ﬁ Important) describes
l 5 )




N

C! Nitrogenous bas
(A, 6, C, orT)

eoxyribose)

C3 C? 21
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Pentose Sugar

. C’ar'bons, are numbered clockwise
1" 0o 5 -
CH2

\ 0
c4 ct

(deoxyribose)
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b i Antiparallel Strands

>  One strand of
@9 DNA goes from 5’
. "’: to 3’ (sugars)

8%’ * The other strand
is opposite in
9 direction going 3’ |

’} @ )O'ro 5" (sugars)
» Y )

llepl ication Fork
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Nitrogenous Bases
* Double ring PURINES

Adenine (A)
Guanine (6)

» Single ring PYRIMIDINES
Thymine (T)

Cytosine (C) .




* Purines only
pair with
Pyrimidines

It’ s easy to see why a
single ring like cytosine
Pairs with a double ring
molecule like guanine and
not another single ring
like thymine.




Sugar

Thymine (T)




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

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

Zire A




Question:

 If there is 30%
Adenine, how much
Cytosine is present?



Answer:

* There would be 20% Cytosine

» Adenine (30%) = Thymine (30%)
* Guanine (20%) = Cytosine (20%)
- Therefore, 60% A-T + 40% C-6
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I ¥identical DNA

Replication Facts

DNA has to be
copied before a
cell divides

DNA is copied

___rlentrosomes
Wit (with centrioles)

4 :’n'»‘:' 'n“‘:'—‘,—Aster
during the S or g\
. A —— Chromati
synthesis phase of """ IA e
° [“ | | l\ h
m‘l'er'phase r:;f;?g;e chromosames)
N | = Plasma membrane

New cells will need

strands

R
' > I
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~*4 Synthesis Phase (S phase)

‘&‘

y* ¥ . Nucleus of eukaryotes

“

#  cell cycle

F

@DNA replication takes
® “place in the S phase!

9

+ S phase during interphase of the

d Mitosis

‘ _

prophase
metaphase

-anaphase
-telophase
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» Begins at Origins of Replication

” + Two strands open forming Replication
Forks (Y-shaped region)

New strands grow at the forks 3’

”»
B o
5’Parental DNA MolecM/ :
E Replication

l . ) "

‘?‘ DNA Replication
%




9 unwinds and
’ E separates the 2
p DNA strands by
breaking the weak

’:’ f hydrogen bonds
v

DNA polymerase
can then add the

leotides
) ’ ), jd@hew nuc

DNA polymerase

' DNA Replication
"ﬂa * Enzyme Helicase

Y, :
*\ .~ Helicase

on leading strand 1

Leading strand

DNA polymerase

on lagging strand




Parent

& —— Strands These animations
o (Audio -
Important)
describe DNA
Base Pairs replication:

Complementary
New Strands
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A

Sa%a ¥ N

(a) The parent molecule
has two complementary
strands of DNA, Each
base is paired by
hydrogen bonding with
its specific partner, A
with T and G with C,

-

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




(a)The parent molecule (b) The first step in
has two complementary replication is

strands of DNA. Each separation of the
) baseis paired by two DNA strands.

hydrogen bonding with

its specific partner, A

with T and G with C.,

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.
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(a) The parent molecule (b) The first step in
has two complementary replication is

strands of DNA, Each separation of the
base is paired by two DNA strands.
hydrogen bonding with

its specific partner, A

with T and G with C.

Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.
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(c)Each parental strand now
serves as a template that
determines the order of
nucleotides along a new
complementary strand.
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(a) The parent molecule (b) The first step in (c)Each parental strand now  (d) The nucleotides are
has two complementary replication is serves as a template that connected to form the
strands of DNA, Each separation of the determines the order of sugar-phosphate
base is paired by two DNA strands. nucleotides along a new backbones of the new
hydrogen bonding with complementary strand. strands, Each “daughter”
its specific partner, A DNA molecule consists
with T and G with C. of one parental strand

and one new strand.

Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.
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;? Pr*oofr*eadmg New DNA

E

DNA polymer‘ase Thymine dimer distorts DNA molecule
initially makes

about 1 in 10,000 m

base pairing errors b Amcememoine

* Enzymes proofread 5 ‘
and correct these
mis."a kes l Repair synthesis by a DNA

- The new error rate
for DNA that has
, w’ been proofread is
) » J@1 in 1 billion base 1

I pairing errors

DNA ligase seals the remaining nick




‘j.‘ i"é DNA Damage & Repair

>3 - Chemicals & ultraviolet
» radiation damage the
DNA in our body cells F

» 4
#
.

y @@ . cCells must continuously

repair DAMAGED DNA

.
: - Excision repair occurs
“ '@ when any of over 50 \
% repair enzymes remove
¥ damaged parts of DNA

@ DNA polymerase and
DNA ligase replace and

6 bond the new
nucleotides together

> v,




Question:

#  * What would be the
29 complementary DNA

»®  strand for the following
o DNA sequence?

S, DNA 5 -
A CGTATG-3’




Answer:

3 DNA 5 -GCG6TATG-3’
4:3,: DNA 3’ -CGCATAC-5’
'?
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. ‘: In Closing

9 » e DNA is responsible for all the

7 different forms of life on the
35 planet today

" e DNA is responsible for carrying

2 genetic information since the

o 7 beginning of life on the planet


































